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PREFACE 


In  a  letter  to  the  Chairman  of  the  National  Academy  of  Sciences*  Naval 
Studies  Board,  dated  May  2,  1990,  the  Secretary  of  the  Navy  stated  that  the 
Conference  Report  on  the  Defense  Authorization  Act  for  Fiscal  Year  1990 
directed  the  Navy  to  commission  an  independent  study  of  future  aircraft 
carrier  technologies.  Stating  further  that  the  study  should  produce  a 
•technology  plan  for  the  evolution  of  sea  bases  for  the  most  efficient  and 
economical  accommodation  of  tactical  air  power  in  the  first  half  of  the 
twenty-first  century,*  the  Secretary  requested  the  Board  to  conduct  a  study 
providing:  1 

•  a  survey  of  applicable  technologies, 

•  an  assessment  of  risks  associated  with  the  development  of 
these  various  technologies, 

•  estimated  magnitude  of  the  costs  of  developing  these 
technologies  for  future  aircraft  carriers, 

•  the  likely  impact  of  technologies  on  aircraft  carrier  design. 


The  Secretary  concluded  by  stating  that  he  *envision[ed]  that  the  result  of 
this  effort  will  be  a  menu  of  technology  options  that  will  affect  future 
aircraft  carrier  designs,"  and  that  the  final  report  of  the  requested  study 
should  be  completed  by  June  30,  1991.  3 

The  Secretary’s  formal  request  for  what  became  known  as  the  Future 
Aircraft  Carrier  Technology  Study  actually  began  with  preliminary 
discussions  between  the  Board  Chairman  and  Director  and  senior 
representatives  of  OP-05  and  OP-08  on  the  evening  of  January  22,  1990. 
This  meeting  culminated  in  a  verbal  request  for  the  Board  to  make 
preparations  for  undertaking  the  study  contingent  upon  the  Secretary’s 
formal  request.  In  response,  the  Board  pined  approval  to  undertake  the 
study  from  the  Commission  on  Physical  Sciences,  Mathematics,  and 
Applications  on  January  26,  and  from  the  Governing  Board  of  the  National 
Academy  of  Sciences  on  February  6, 1990.  The  Board  itself  met  on  March 
20,  1990,  to  approve  the  study  plan  drawn  up  over  the  intervening  weeks. 

The  organizational  structure  of  the  study  that  emerged  from  the  March 
20  meeting  is  shown  in  the  diagram  on  the  following  page.  As  is  tne  Board’s 


future  carrier  technology  study 
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practice  with  major  studies,  the  Chairman  became  the  Study  Director,  and 
all  members  were  assigned  key  leadership  or  participatory  positions.  To 
serve  the  Board’s  usual  oversight  function,  an  Advisory  Council  composed 
of  senior  scientists,  engineers,  and  operational  experts  was  formed.  During 
the  course  of  the  study  the  Advisory  Council  met  twice  to  critique  the  study 
findings  and  to  approve  the  report  on  its  final  meeting.  A  Concepts, 
Coordination,  and  Integration  Group  (CCI)  served  to  generate  concepts  for 
evaluation  by  the  appropriate  task  group,  to  coordinate  the  various  activities 
as  the  study  progressed,  and  to  integrate  the  findings  into  the  Overview  to 
which  this  is  the  preface.  The  CCI  Group  was  aided  by  an  Operational 
Context  Group,  which  served  to  evaluate  the  future  geopolitical  3nd  threat 
environment,  and  the  Technology  Group,  which  served  to  identify  and 
address  key  technical  issues. 

The  remainder  of  the  study  was  divided  into  six  technical  task  groups  as 
follows:  Air  Technology  Group,  Ship  Technology  Group,  Weapons 
Technology  Group,  Radio-Electronic  Battle  Management  Group,  Human 
Factors  Technology  Group,  and  the  Sustainability  and  Logistics  Group. 
Each  of  these  six  task  groups  was  responsible  for  gathering  information  on 
all  technologies  falling  within  their  areas  of  responsibility.  The  chairman  of 
each  task  group  was  a  member  of  the  CCI  Group.  Therefore,  the  vital 
function  of  coordinating  findings  within  a  common  design  envelope  was 
accomplished  during  meetings  of  the  CCI  Group  and  in  three  plenary 
sessions  involving  the  study  leadership  and  a  cross  section  of  the 
participants, 

A  total  of  106  scientists  and  engineers  representing  the  full  spread  of 
technologies  considered  relevant  to  the  design  of  an  aircraft  carrier  and  its 
embarked  air  wing  were  identified,  approved  by  the  National  Academy  of 
Sciences’  Commission  on  Physical  Sciences,  Mathematics,  and  Applications 
and  the  Academy’s  Executive  Office,  and,  after  satisfying  the  Academy’s  bias 
and  conflict  of  interest  procedures,  were  assigned  to  one  of  the  ten 
organizational  groups.  To  each  of  these  groups  the  Navy  was  asked  to 
assign  a  liaison  representative,  himself  an  expert  in  the  work  of  his  assigned 
group.  Rear  Admiral  David  N.  Rogers  (OP-05B)  served  as  liaison 
representative  for  the  Secretary  of  the  Navy,  the  Chief  of  Naval  Operations, 
and  the  Assistant  Chief  of  Naval  Operations  for  Air  Warfare  (OP-Q5). 

Beginning  with  an  organizational  meeting  of  the  full  study  group  on 
March  20, 1990-following  a  go-ahead  from  the  Secretary  of  the  Navy-the 
task  groups  met  for  a  combined  total  of  112  days.  In  addition  to  extensive 
documentation,  informational  input  to  the  groups  was  provided  through  a 
total  of  368  invited  briefings.  To  gain  firsthand  experience,  a  total  of  70 


\ 
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1 

INTRODUCTION 


As  a  maritime  as  well  as  a  continental  power  the  United  States  has 
traditionally  insisted  on  freedom  of  the  seas,  and  we  have  protected  that 
freedom  and  projected  power  ashore  from  the  sea  throughout  the  20th 
century  by  using  strong  maritime  warfare  forces.  With  the 
internationalization  of  the  Western  economies  our  connections  to  overseas 
sources  of  economic  strength  and  support  have  become  even  more  important 
to  our  own  welfare  and  security. 

Since  1942  carrier-based  aviation  has  been  central  to  the  exercise  of  our 
naval  power.  It  has  been  the  most  called-upon  initial  instrument  to  exercise 
military  power  in  instances  when  the  President  has  needed  such  an 
instrument  In  four  wars  and  many  lesser  missions  of  deterrence  and 
presence  it  has  been  a  major  base  for  air  power  brought  to  bear  against  the 
opposition.  A  review  of  the  position  of  aircraft  carriers  during  the  National 
Research  Council’s  study  of  the  Navy’s  future7  showed  that  despite-in  fact, 
because  of-changes  in  the  world  military  power  balance  that  will  be  reviewed 
later,  it  can  be  expected  that  in  the  future  carriers  will  be  called  upon 
continually  to  fulfill  this  important  national  role  and  mission. 

Advancing  aircraft,  weapon,  and  ship  technology  will  be  available  both 
to  the  United  States  and  to  other  nations  that  may  oppose  our  forces.  Such 
technology  can  lead  to  significant  changes  in  the  configurations  and  design 
of  sea-based  aviation  and  supporting  forces,  increasingly  so  as  time  goes  by. 
There  are  three  main  periods  when  naval  systems  R&D  programs,  within 
anticipated  resources,  can  be  expected  to  lead  to  technological  advances 
mature  enough  to  warrant  their  incorporation  in  carrier  systems.  In  the 
near  term,  1993-2005,  technologies  that  have  essentially  been  developed  can 
be  applied.  In  the  mid  term,  2005-2020,  technologies  for  which  the 
approaches  are  now  reasonably  well  understood  or  in  early  experimental 
phases,  but  for  which  the  applications  have  yet  to  be  developed,  can  become 
available.  In  the  long  term,  beyond  2020,  technological  advances  currently 
conceptualized  but  never  applied,  and  for  which  essential  elements  of  the 
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•  a  survey  of  applicable  technologies, 

•  an  assessment  of  risks  associated  with  the  development  of 

these  various  technologies,  F 

•  estimated  magnitude  of  the  costs  of  developing  these 
technologies  for  future  aircraft  carriers,  and  2 

!y  imPact  of  the  technologies  on  aircraft  carrier 
reJ^S?  ReP°n  °n  the  Defense  Authorization  Act  for  Fiscal 

SSJUST  “n“S ,0  I”.?***  *  "•  *35?  5 

evolution  of  aircraft  carters  in  the  fi™  55"#?  techn0,0©r  P^n  for  the 

^  tr0m 

sea  base  from  which  all  kinds  of  aircraft  coaid  o~nM  me  “t 

"Pe*-  He  «,u«  for 


Figure  1.1  Periods  of  opportunity  for  carrier  evolution 
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THE  CURRENT  STUDT 

it  is  drawn,  resp^nX^o q^tTonf  ^  GrouP  Sports  from  which 
mission,  and  technology  issues  afftS?™  1  CWS  the  critical  threat 
technical,  operational,  and  cost  implicating  of*  and  11  exPlores  the 
and  their  costs.  The  study  has  identified  f  eral  “mer  design  options 
about  the  design  and  operating  characSS?^  'ha'  must  ^ade 
A  prudent  near-  to  mid-term  course  of  a?  f  C  Cntire  «nfcr  system 
for  appropriate  balance  among  different  wa  ,S/ecommend«i  that  accounts 
!“ues  in  order  to  benefit  from  °^°M^ the  ^‘ica!  des.gn 

improve  the  carrier  system  in  a  ST,?  °PPortuniti«  available  To 

to  be  immune  from  examination.  h'owIvw' COnsidered  no  issues 
raised,  explored,  and  leads  to  some  systems  ‘hat  *  9ues«°n  is 

“Ply  that  ail  ,uch  concept  £!  ”!  e0at^t  does  »«  necessarily 
"commendations  of  *re  advocated  «s  conclusions  or 

A  synopsis  of  the  study  fChamer  os  <■  „ 

e'r:m  »f  ““  »P«ra.SS,2,'^  ‘“"""”“"1  Urc 

ture  technology  that  will  affect  the  carrier  ^  po,entiaII>'  available 
ign  drivers  and  their  implications  the  «  related  systems,  carrier 
potential  future  threats  and  technoIooiJ^ =  issues  raised  by  the  joining  of 

■hesMyaMa^^™~J™^>^ump,fo„aml[,renl|ses 

5),  the  technology^ChaoTerfii  °Pera,ionaI 
(Chapter  7),  and  the  issues  and  the  6)*  camer  design  drivers 

Sg^ of  1 «■**-  pScsr 8)  in  mo?e 

t£ps  s 
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OPERATIONAL  CONTEXT  FOR  FUTURE  CARRIERS 

The  carriers  being  considered  now  will  probably  be  in  the  force  beyond 
the  middle  of  the  next  century;  some  of  those  acquired  to  replace  the 
NIMITZ-class  ships  may  still  be  in  operation  at  the  end  of  the  century.  The 
"presence"  and  warfare  missions  of  the  carriers  and  their  aviation  are  not 
expected  to  change  significantly,  but  the  operational  context  in  which  they 
will  carry  out  missions  and  the  means  for  doing  so  will  change  considerably. 

Specific  elements  of  our  overseas  posture,  including  overseas  military 
bases,  are  becoming  more  uncertain  or  insecure.  The  Navy  provides  the  only 
force  that  can  establish  a  visible,  persistent  presence  in  a  troubled  or 
threatened  area  for  stabilization,  deterrence,  or  rapid  response  to  clear 
threats  to  U.S.  interests  with  military  force,  without  impinging  on  the 
sovereignty  of  any  nation  in  such  an  area. 

Although  the  U.S.  security  emphasis  has  shifted  to  the  Third  World,  the 
retained  military  might  of  the  Soviet  Union  remains  a  continuing,  latent 
threat  to  the  United  States  and  is  therefore  of  concern  to  the  Navy.  It  could 
reemerge  as  a  major  national  concern  very  rapidly.  The  Navy  must  remain 
prepared  to  meet  Soviet  naval  warfare  elements  having  attack  capability  with 
short  tactical  warning.  This  requirement  has  not  been  changed  by  the 
current  Soviet  withdrawal  from  confrontation  in  Europe. 

Third  World  countries  are  acquiring  military  capabilities  that  can 
seriously  threaten  U.S,  naval  forces  at  sea  and  that  can  effectively  oppose 
strike  warfare  by  naval  aviation  over  land.  These  capabilities*  are 
summarized  in  Table  21  and  elaborated  in  Chapter  5. 

Although  the  war  with  Iraq  suggested  that  some  Third  World  countries 
may  not  now  be  able  to  use  all  their  advanced  equipment  effectively,  they 
can  be  expected  to  learn  or  be  taught  how  to  do  so  over  the  lifetimes  of  the 
ships  being  considered.  Also,  Iraq’s  inability  to  capitalize  on  its  advanced 
equipment  must  be  ettributed  perhaps  in  large  part  to  the  effectiveness  of 
U.S.  systems  and  their  use. 

Current  proposals  to  limit  the  levels  of  arms  sales  to  Third  World 
countries  will  take  significant  time  to  implement  If  accepted  they  may  be 
expected  to  slow  the  growth  of  military  capabilities  of  those  countries,  but 


TABLE  2.1  Overview  of  Third  World  Milila 
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Thir?  W^Si0n„°f  ,hfCatS  and  1,05511,16  “"h3'  areaS  from  ,he  USSR  to  the 
d  will  mean  an  increase  in  operations  in  littoral  or  coastal 
regions  where  the  U.S.  fleet  will  become  more  accessible  to  proliferated 
pposmg  tactical  aviation  and  antiship  weapon  svstems.  The  battle  for  air 

SarioT:  ’  m°VK  a7y  fr°m  ,hC  three-tiered  open  ocean 

"f  batt  e’  arca  SA\f  defense,  close-in  ship  self-defense)  to 
^V0,Ving  use  Of  SAMs  and  fighter  aircraft, 

a  Gu  ed  weaP°ns  of  all  kinds,  stealth,  and  onerations 

0PP05,"S ' *—  "°™  i" 

Over  its  lifetime  the  carrier  system  will  have  to  be  prepared  to  work  with 

fncrtTsinM  ,  *nexib,e  arra-v  °r  capabilities  in  wh«  ls  becoming  an 

relationships  **  AHOie  •*?  ‘R,nS,ent  Se*  of  wor,d  foMcal  and  economic 
Astern  Ini  h  !  ,nd,ca,,ons  are  ‘bat  the  Navy  and  the  naval  aviation 

h  sr— • ,o  ‘,ri,e  ,or  ,h' b'*1  -i-NH9 


THE  CARRIER  SYSTEM 

.  J*1*  C?rrier  “  Pan  of  a  complex  maritime  warfare  and  naval  aviation 

,££**"  of  that  inClUd6S  sea‘based  aviation;  the  ship  as  the  base-  the 

defenses  of  the  ship  and  the  fleet  of  which  it  is  a  part-  the  targeting  Cai 
logistic,  and  support  systems  for  all  of  the  functions? and  the  peLnnel  and 

oTIhe  fria,OPCra,e  an,d  m3intain  ‘hem-  11,6  —ponenu^aySpan 
£  J.f  ,h~  “mpl6mem  °f  the  carrier*  ‘bey  may  be  part  of  the  arte" 

be  lan?^  m3y  °f the 1,661  ,hat  accon>panies  the  arrier,  or  they  may 
be  land-  or  space-based,  even  though  they  are  pan  of  (i.e.  'organic*  to)  the 

seaborne  aviation  system.  The  arrier  s^tetn  also  hi  manyS  to^and 
0ft6™te  “‘actively  with,  forces  of  the  other  armed  sendee”  unier  S 
mmand  and  control  of  a  regional  commander-in-chief  (CINC). 

Lake  any  major  system,  all  the  components  of  the  arrier  system  are  tied 
»e«h«  m  complex  feedback  bop,  s^elltoe,  ehan^b  ZI  Z  JZ 
“  ®“st.alTm  the  distribution  oT  functions  and  costs  in  tte  othm 
Some  of  the  issues  that  will  drive  arrier  design  must  be  resolved  mother 
parts  of  the  total  system  as  well  as  in  the  desip  of  the  arS 
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FUTURE  CARRIER  SYSTEM  TECHNOLOGY 

The  potentially  most  influential  technology  candidates  for  use  in  future 
earner  systems  are  listed  and  their  significance  and  possible  dates  of 

3p KT  TmamCd  in  Chap,Cr  6‘  Summary  Table  12  lists  some 
of  them  roughly  (but  not  altogether)  in  the  order  in  which  they  come  into 

£ tC“mCf  dCSign:  ,hiS  listing  may  »*  considered  as  part  of  the  data 

pr  JentSeshort!vPPreCia,e  5yS'em  design  issues  and  camcr  °Ptions  ,0  be 

3rfa  tfchnoIoSV  will  have  associated  costs,  risks,  and  payoffs. 
The  technologies  listed  in  Table  12  are  the  ones  expected  to  have  the 
largest  payoff  in  improving  earner  design  and  the  capability  of  sea-based 

ZI  T  -i?  3  gCneraI  maUer’ and  fo,,winS from  ‘hc  definitions  of  relevant 
time  periods  given  m  Chapter  1,  the  farther  in  the  future  Table  12  shows 

ihe  Sit,  ^  3i  ‘k  °f  3  ramer'  °r  carrier's>'5,em-felated  technology  to  be, 
the  higher  will  be  the  technical  risk  in  trying  to  achieve  it.  and  the  higher 

will  be  the  total  cost  of  achieving  it.  relative  to  nearer-term  systems. 

CARRIER  DESIGN  DRIVERS  AND  THEIR  IMPLICATIONS 

noted* main  °f  fu,ure  carrier  Their  impact  is 

•SrteJ^m  nhVSSUeS2?ey  ra  S*  3rC  discussed  in  the  n«t  section, 
earner  System  Options  and  Issues.* 

1.  Trends  in  aircraft  technology  determine  the  size  and  influence  the 
S  A* fLght  dCCk  3Dd  therefore  detern,ine  much  about  the  size  aJd 
dSSoSs:  arner  “  *  Wh0le‘  The$e  Uends  are  movin2  «  three 

and  th*  o?r/>f,e^gr3phlCalIy  dr?VCn  need  for  ,on2er-range  strike  aircraft 
a  d  *Je  ibreat-dnven  desirability  of  longer  standoff  from  hostile  shores 
tead  to  larger,  heavier  CTOL  aircraft  that  can  outgrow  the  current 

71,6  C?“cal  aircraft  systems  in  this  growth  trend 
" LJ*  °"es  J131  mus*  £Place  ^  aging  E-2C,  S-3,  and  EA-6B  to 
provide  tactical  support  To  accommodate  to  the  growth  trend  starting 


;^r!|n  RDT&E  budget  devoted  to  carrier-*y*tem-rel*ted  effort*,  except  for  variation*  in 
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Sraa *  1*^  (CVN),  the  advanced 

be  extended  and  ooeratino  m5,»  CCd'  CataPu,t  and  arresting  gear  can 

*"«<  »  f„„S' “Xrn  3  Sma"  *“j“P  «»  * 

ar£ef’ »  more  of  the  ' ships  be  male 

Any  of  these  solutions  convJ^n?  °Ut  by  offboard  systems. 

^TnT  °°StS’  WhiCh  3re  d-ffe^n«in^chfiL?  We"  “  imp°Sing 

advanced  tactical  support  (ATS!  fiinctin  ^  00111(1  perform  some  °f  the 
fixed-wing  aircraft  could  ^rform  manv  of  ih  °"  'T  **"■  and  the 
based  on  large  carriers,  and  onTmnhSL  C°mbat  funaions  ‘hat  are 
will  carry  penalties  as  well  as  ODDortun  t*15  3SSa!iIt  shlPs*  Although  they 
tables  of  technological  advances  present!^-’  ai‘ndicated  in  ‘he  detailed 
aircraft  also  open  the  possibilityP for  less  6’ 1X3111  c,asses  of 

earners  without  catapults  and  arresti^  p  b,et  but  versatile  smaller 
complementing  the  la?ge  caSers  a^d  in  t^-  ?at  Qn  *  in 
c  Unmanned  aerial  vehicles  to  fill  ^ mdePendent  operations, 
especially  high-altitude,  longSranJ 5,1 . kcy  *uppo«mg  roles,  and 
reliability  and  that  can  be  aerially  refuewTfv*  'ha‘  have  spacecraft 
toe  aPPtalto"  i»  ®n.-011ing  S“" 

*1  nm 


*.6  wnucr  growth. 


2. 

capable  ,„OTr  revere.  The  most  ™memort 

speed,  sea-skimming  missiles  imiitgmrnijnahmn^31*  ' 

leaking  through  the  outer  defS  S'? aneuvere; steep-diving  missiles 

end  l„ge  t0Ipe^ Sj  “ “"**»«  «» 

Mines  will  constitute  a  continuing  thSf  Sffi?*  under  ,he  ship’s  keel 
defense  role  and  the  other  battle2  * the  caper’s  aviation  in  the 

the  threat  Haunchers-  and iSZj* Iff***  *  10  *** 
some  of  these  threats  leaking  thnS  S*  “ 3  diStance  from  ‘he  carrier, 
greatly  enhanced  close-in  dffeSii  lo"ger-range  defenses  will  require 
carrier  itselfi  Survivabih"  SSSiSK  ,nherent  in  or  based  22 
active  means:  y  08  enhanced  by  a  combination  of  passive  and 

mak«  rcductio»  ‘hat 

easier,  and  (2)  enhanced  Sn«  ?o  a„T  ,C  7arfare  and  deception 

~  ^  ■c.’ssssstssa 
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signatures  including  unique  ship  radars  and  communications  with  their 
antennas,  and  some  aspects  of  ship  and  aircraft  operating  procedures. 
Improved  damage  control  can  be  achieved  through  advanced  shipboard 
sensing  and  communications,  and  automation,  that  enhance  knowledge 
of  damage  and  responsiveness  to  it  Greater  resistance  to  underkeel 
torpedo  damage  is  the  most  severe  design  requirement  (see  Volume  II,  Ship 
Technology  and  Weapons  Technology  Group  Reports);  it  demands  space 
and  th.;s  affects  ship  layout,  especially  of  magazines,  or  ship  size. 

b.  Increased  active  defense,  including  self-defense  of  the  carrier  and 
improved  battle  group  defense  systems,  would  entail  AEGIS-like  radars 
on  the  carrier  to  cany  out  functions  of  the  current  radars  and  to  extend 
the  engagement  envelopes  (and  would  remove  a  set  of  unique  carrier 
signatures  in  the  process);  new  planar  array  electronically  scanned  radars 
for  horizon  scan  and  close-in  defense;  electronic  countermeasures  and 
decoying  systems  on  the  carrier,  vertical-launch  missile  bays  aboard  the 
earner  to  provide  more  firepower;  active  torpedo  defense  aboard  the 
carrier,  mine  sweeping  in  areas  the  carrier  must  transit;  incorporation  of 
the  radar  improvements  in  other  ships  of  the  battle  group  and  improved 
integration  of  the  defenses  on  the  carrier  and  in  the  entire  battle  group, 
with  requisite  attention  to  sturdy,  low-probability-of-intercept 
communications  to  enable  the  integration. 


These  are  near-  to  mid-term  problems  and  solutions.  Clearly,  all  the 
above  measures  interact,  and  they  can  be  applied  selectively.  Overall,  the 
active  defense  improvements  tend  to  add  less  cost  to  the  carrier  system  than 
do  the  passive  defense  measures,  because  they  require  less  redesign  of  the 
carrier  and  they  can  be  undertaken  without  forcing  carrier  growth.  However 
many  useful  passive  defense  enhancements  can  be  incorporated  in  carriers 
of  current  size  for  modest  cost 

Advanced  directed-energy  weapons  (high-powered  microwave  weapons, 
lasers,  particle  beams)  or  elect romagnetically  driven  hypervelocity  kinetic- 
energy  weapons  (railguns,  coilguns)  can  be  advantageous  in  carrier  defense. 
However,  all  face  severe  developmental  and  practical  problems  that  will 
delay  their  application  until  the  mid-  to  long-term  periods,  and  their 
availability  will  depend  on  continued  R&D  support  It  will  also  be  useful, 
subject  to  world  developments  and  to  arms  control  and  polity  restraints  to 
make  available  the  capability  to  deploy  low-yield  nuclear  warheads’  to 
counter  nuclear-armed  attacks  and  possibly  for  other  special  defense 
applications  if  the  need  should  arise.  Depending  on  the  combat  conditions 
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anticipated,  the  development  can  be  straightforward  or  very  demanding 
technically.  b 

3.  Advances  in  the  areas  of propulsion  and  management  of  large  amounts 
of  usable  power  can  enhance  ship  survivability  and  efficiency  and  make 
available  an  array  of  important  new  capabilities: 

a.  The  current  generation  of  reactors  is  extremely  reliable  but  aging 
in  technology;  advanced,  higher-power-density  reactors,  if  they  were 
available,  could  lead  to  significant  volume  savings  that  might  be  applied 
to  the  volume  needs  of  ship  active  and  passive  defense.  Also,  attention 
in  reactor  R&D,  design,  and  operation  can  be  given  to  extending  the  life 
of  the  fuel  rods  in  reactors,  increasing  the  interval  between  refuelings 
and  thus  enabling  significant  operating  and  support  cost  savings.  The 
two  directions  may  or  may  not  be  mutually  exclusive;  one  purpose  of  a 
reactor  R&D  program  would  be  to  reconcile  them  to  the  extent  feasible. 

b.  Advances  in  energy  management  and  electric  power  transmission 
and  conditioning  systems  are  necessary  for  electric  drive,  electric 
catapults  and  arresting  gear,  and  electrodynamic  armor-all  mid-  to 
long-term  contributions  to  carrier  survivability;  they  would  also  be 
necessary  for  operation  of  the  directed-energy  and  electromagnetically 
driven  hypervelocity  kinetic-energy  weapons. 

4.  Advanced  logistics  and  personnel  support  systems.  These  include 
computer-supported  design  and  operation  of  support  and  logistic  systems; 
application  of  production  system  concepts  to  aircraft  operation  and 
turnaround;  application  of  "instrumented  ship"  damage  control  concepts  to 
condition-based  ship  maintenance;  changes  in  habitability,  provisioning,  and 
resupply  concepts  and  doctrines;  modern  personnel  selection,  classification, 
and  assignment  techniques;  imbedded  training;  and  many  other 
support-oriented  measures  that  have  the  potential  to  increase  sorties,  reduce 
personnel,  make  volume  available  for  other  purposes  such  as  sustainability 
or  survivability  measures,  and  make  it  possible  to  insert  new  technologies 
without  increasing  manning  requirements. 


CARRIER  SYSTEM  OPTIONS  AND  ISSUES 

The  Naval  Studies  Board’s  careful  consideration  of  the  main  fectors 
affecting  carrier  design  and  of  the  possibilities  for  resolving  the  problems 
they  pose  has  led  to  description  of  four  basic  options  for  future  aircraft 
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carriers  and  carrier  systems.  The  options  are  presented  here  to  show  the 
range  of  possibilities  that  was  considered  in  the  study.  Review  of  the 
options  and  their  implications  led  to  the  board’s  recommending  the  courses 
of  action  presented  subsequently; 

1.  An  advanced  NIMITZ-type  carrier,  within  the  NIMITZ-size  envelope 
( overall  dimensions).  The  ship  would  be  changed  to  the  extent  feasible  to 
meet  some  of  the  most  severe  threats  and  engineering  problems  foreseen 
and  to  capitalize  on  some  of  the  most  important  of  the  technological 
opportunities  in  the  offing.  This  would  be  the  least  expensive  option;  the 
cost  could  range  from  that  for  a  current  NIMITZ-dass  ship  up  to  10  to  15 
percent  more,  depending  on  the  extent  of  internal  change  and  new  passive 
and  active  protection  incorporated.  Survivability  enhancement  would 
depend  on  compromises  in  the  use  of  space  from  other  functions  (such  as 
reduced  magazine  volume  or  a  smaller  air  wing)  for  enhanced  passive 
defense,  and  on  capacity  to  incorporate  enhanced  active  self-defense  systems. 

2.  A  new,  large  monohull.  This  ship  would  offer  more  scope  for 
change,  including  an  air  wing  with  larger  and  heavier  aircraft  having  more 
range  and  payload  capability  and  more  ability  to  defeat  stealthy  attackers, 
enhanced  ability  to  reduce  the  ship's  signature  that  permits  targeting  by 
opposing  forces,  improved  underkeel  torpedo  protection  for  the  carrier,  and 
more  self-defense.  This  ship  would  be  larger  than  one  in  the  NIMITZ  class, 
in  a  range  from  100  to  400  ft  longer.  Depending  on  the  extent  of  changes 
incorporated,  it  would  displace  105,000  to  215,000  tons.  In  particular,  one 
version  of  such  a  ship  might  be  a  "stretched  NIMITZ",  125  ft  longer  and 
displacing  110,000  tons.  This  ship  might  cost  10  percent  more  than  a 
NIMITZ-dass  ship  not  including  other  changes  such  as  significantly 
upgraded  active  defenses  and  nonrecurring  costs  associated  with  design 
upgrade  and  diydock  extensions.  At  the  other  extreme,  a  ship,  including  full 
allowance  for  the  aircraft-  and  survivability-related  changes  reviewed  (both 
active  and  passive  defenses),  could  reach  1,500  ft  in  length,  displace  215,000 
tons,  and  cost  as  much  as  100  percent  more  than  a  NIMITZ 

3.  A  large  semisubmersible  ship.  This  ship  could  offer  the  most 
extensive  opportunities  for  signature  reduction,  and  preliminaty 
considerations  suggest  that  it  might  have  the  greatest  inherent  damage 
resistance  of  all  the  options.  It  would  have  a  rectangular  flight  deck  of 
approximately  the  overall  dimensions  of  the  NIMITZ  flight  deck,  configured 
to  operate  with  all  aircraft  in  the  hangar  decks  except  when  being  launched 
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so  that  their  development  need  not  be  contingent  on  a  decision  to  develop  the 
small  carrier. 

For  a  ship  itself,  cost  is  roughly  proportional  to  displacement,  with  some 
economies  of  scale  in  going  to  larger  ships.  The  rough  cost  estimates  given 
for  the  different  carrier  options  are  based  mainly  on  ship  weight,  and  the 
ranges  are  based  on  considerations  of  uncertainty  or  risk  in  the  designs.  The 
cost  associated  with  including  a  particular  technology  in  the  carrier  system 
for  a  carrier  of  a  given  size  cannot  easily  be  forecast  without  particularized 
design  studies,  because  many  technological  exchanges  may  accompany  the 
incorporation  of  a  single  major  technological  advance  and  this  may  lead  to 
more  or  less  overall  cost  of  the  carrier  and  the  system. 

Some  key  issues  regarding  the  overall  desirability  of  the  different  options 
are  as  follows: 

•  Although  the  Soviet  threat  has  subsided  at  least  for  the  moment, 
the  next-generation  carrier  and  those  of  succeeding  generations  will 
have  to  contend  with  potential  opposition,  including  forces  from 
many  countries  that  even  now  are  acquiring  advanced  technical  and 
combat  capabilities  that  can  stress  the  current  carrier  system  to  its 
limits.  The  ships  may  also  have  to  deal  with  a  resurgent  Soviet 
threat,  from  uncertain  directions,  on  short  notice. 

•  Most  potential  solutions  to  the  problems  imposed  by  the  new 
operational  context  and  the  increasingly  capable  threats  against  U.S. 
carriers  tend  to  cause  carrier  growth.  The  growth  implied  by 
ensuring  enhanced  passive  underkeel  torpedo  protection  without 
reduction  of  air  wing  and  magazine  size  would  be  the  determining 
item  for  future  carrier  size;  if  that  growth  were  accepted  there 
would  be  adequate  ship  space  for  the  larger  and  heavier  aircraft  that 
might  otherwise  cause  ship  growth.  There  would  also  be  more 
ample  space  for  augmented  passive  and  active  self-defense  of  the 
ship. 

•  A  larger  carrier  can  thus  be  made  more  likely  to  survive,  and  larger 
aircraft  will  be  more  capable  and  will  give  the  system  more  sti  iking 
and  defensive  power  at  longer  range.  Growth  of  the  ship  can  be 
restrained  by  forgoing  some  performance  gains  of  onboard  aviation 
and  accepting  more  risk  of  damage  to  or  loss  of  the  ship. 

•  The  criticality  of  the  ATS  function  (including  surveillance  and 
targeting,  airborne  early  warning,  antisubmarine  warfare,  and 
electronic  warfare)  as  a  driver  of  carrier  size  depends  on  where  the 
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•  Design  changes  to  make  a  carrier  more  efficient  and  increase  its 
damage  resistance  without  growth  could  add  or  reduce  costs,  in 
some  combination  that  will  not  be  known  until  a  new  design  is 
undertaken.  Many  potential  capital  cost  increases  will  be  more  than 
offset  by  reduced  life-cycle  costs,  requiring  the  budgeting  and 
planning  system  to  exchange  near-  for  far- term  savings.  As  is  so 
often  the  case,  decisions  may  have  to  be  made  to  accept  larger 
"front-end"  costs  if  the  desired,  much  larger  "downstream"  cost 
savings  are  to  be  gained. 


LARGE  SEA-BASED  PLATFCRMS-A  SPECIAL  CASE 

In  asking  the  Secretary  of  the  Navy  to  have  this  study  performed. 
Congress  also  expressed  interest  in  an  exploration  of  the  possibilities  for 
building  large  platforms  from  which  all  manner  of  aircraft,  rather  than  those 
especially  configured  for  current  types  of  aircraft  carriers,  could  operate. 

One  option  available  for  such  a  system  is  a  large  platform,  with  a  size, 
for  example,  on  the  order  of  9000  by  900  ft,  based  on  a  combination  of  deep 
sea  oil  rig  and  hollow-column-plus-platform  modular  construction.  This 
platform,  which  would  be  the  quasi-permanent  seaborne  analog  of  a  tactical 
air  base  on  land,  would  be  able  to  operate  any  aircraft  ranging  from 
land-based  fighters  to  large  military  transport  aircraft  Another  option  is  a 
semisubmersible  ship,  such  as  that  described  above,  about  2000  ft  long  and 
configured  to  operate  any  combat  aircraft  that  can  operate  within  the 
standards  established  for  operation  from  carriers  or  from  runways  with  bomb 
craters,  and  tactical  transport  aircraft  like  the  C-130. 

It  is  estimated  roughly  that  the  "island*  option  would  cost  from  $4  billion 
to  S8  billion,  based  on  extrapolation  of  estimates  for  offshore  airports  and 
allowance  for  military  specialization  and  lack  of  experience  with  assembled 
structures  of  that  scale.  The  ship  option  would  cost  in  the  $40  billion  to  $55 
billion  range,  based  on  extrapolation  of  the  estimate  for  the  large 
semisubmersible  carrier  option.  The  cost  difference  between  the  two 
platform  options  would  buy  mobility.  The  large  island  could  be  moved  only 
very  slowly  (about  2  to  4  knots,  if  indeed  it  did  not  have  to  be  disassembled 
and  reassembled  in  another  place);  assembling  it,  stabilizing  it  against  wind 
and  ocean  current  pressures,  and  keeping  it  flat  and  rigid  enough  for  aircraft 
operations  would  pose  difficult  engineering  problems.  Calculations  based 
on  SWATH  design  principles  indicate  that  the  ship  version  could  move  at 
about  20  knots  in  a  practical  design,  but  it  would  face  all  of  the  same 
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RECOMMENDED  COURSES  OF  ACTION 

mnr?S^b!e,KfUtUre,CT°L  a‘rCraft  ranse  and  Pa-vload  characteristics  an. 
more  potent  threats  facing  the  carrier  system  in  the  future  give  many  reason: 

for  the  earner  to  increase  in  size  from  the  current  NIMITZ-cIass  ship  to  on. 
that  ts  longer  and  of  larger  displacement.  These  reasons  have  been  sketchec 
a\?'Ltnd  are  dlsfcussed  in  morc  deta‘l  in  Part  TVo.  The  ’stretched' 
such  a  ,ar£er  125  ft  longer  than  a  NIMITZ  and 
displacing  110,000  tons,  appears  especially  attractive  in  this  respect  because 
it  wuld  not  have  as  large  an  impact  on  the  infras  meture  as  other  designs 
for  larger  ships,  it  would  give  a  measure  of  added  underkeel  torpedo 
protection,  and  it  would  accommodate  new  aircraft  of  the  higher  weights 
being  contemplated.  However,  the  ’stretched’  NIMITZ  would5 not  proride 
enough  additional  torpedo  protection  to  permit  loregoing  added  active 
defenses  so  that  the  total  cost  of  the  ship  could  grow  to  as  much  as  25 

Et,bma?re  nhan  3  ?IMITZ  °‘her  *“*«  niade  in  the  ater 

daign  ‘hat  will  groatly  increase  effectiveness  and  efficiency  at  lesser  cost 

Si“  envel°Pe-  "^ese  opportunities  should  be 
seized  at  all  stages  when  the  technologies  to  do  so  can  be  applied.  R&D 

programs  are  recommended  to  provide  additional  options  for  improved 
effectiveness  and  efficiency  in  the  later  mid-term  to  long-term  pTric^Xn 
earner  system  needs  may  change  significantly.  ^ 

The  advisability  of  pursuing  a  dual-track  carrier  development  program 
that  includes  the  large  (NIMITZ  size  or  larger)  and  small  (about  LHA/LHD 
sia)  earners  has  also  been  considered.7  The  smaller  carrier  would  require 
°f  a  family  of  powered  lift  aircraft  However,  sincelLh 
can  be  valuable  for  carriers  of  any  configuration  and  size,  the 
dwnsion  to  develop  them  should  not  be  tied  to  any  particular  carrier  design. 
The  smaller  earner,  viewed  in  its  own  context,  would  cost  nearly  two-thirds 
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wor,  hc  .  h  largc  one* uhilc  embarking  about  one-third  as  many  aircraft 
More  such  earners  could  establish  -presence’  in  different  nllccs 
simultaneously  within  a  given  budget,  but  with  less  fighting  power  afeach 
location.  While  there  would  thus  be  advantages  ta  ffifSSS 

r,d,rnt  Capab,Il,,es’ this  s,udy  did  not  identify  enough  advantage  for 
the  smaller  earner  to  recommend  it  as  an  alternative  or  as  a  parallel  sLem 
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vah.aw?  h  f0rm‘  At,en,10n  should  **  given  to  modular  design  so  that 
valuable  improvements  in  subsystems  can  be  easily  and  quicklv  incorporated 
at  appropriate  tntei  vals  as  they  become  available  from  R&D.  ’it  is  estimated 
ha  a  tamer  with  the  modifications  described  immediately  below  may  S 
10  t-  15  percent  more  than  a  NIMITZ-cIass  carrier  as  one  exists  2y 

essenriai<J^nirate  °n  imProvinS  active  a™r  self-defense,  including  the 
essential  radar  changes  summarized  above  and  elaborated  in  Part  Two  which 

Iso  support  signature  reduction  and  deception;  missiles  in  vertical  launch 
Improved  dose-in  p,„  sterns  and'selMereos.  miite ?£££ 
and  mi"e  defense;  integrated  electronic  countermeasures  (EC1W 
and  decoying;  and  improved  integration  of  all  the  shipboard  defense  systems 
with  each  other  and  with  the  other  battle  group  defenses  * 

modest  ^  MC°*  *  »«* 

mncM  Rcasonab|y  achievable  signature  reduaion,  especially 

electirf1111^  CTOSS  seaion  (^CS)  and  >ts  compatibility  with 

thmimhn  aDd  deCOying  measures.  and  noise  andwake  Auction 
Irouglipropeller  improvements  and  machinety  quieting; 

b.  Design  for  greater  survivability,  including  selective  application  of 

UnP' abiUty  10  ^  hitS  **  ,CSS  damage; 
c  Improved  damage  control,  through  internal  distribution  of 
nsors,  controUed  ventilation  and  cleaning  system  that  can  deny  oxygen 
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or  (lush  toxic  substances  as  needed,  appropriate  automation,  and  a  sturdy 

internal  ship  communication  system. 

4.  Incorporate  loeistics-  and  personnel-oriented  advances  in  technology 
and  design  characteristics  (Part  Two)  to  achieve  the  potentially  available 
operating  efficiencies  and  personnel  reductions;  pay  special  attention  in 
doing  so  to  ’capturing’  the  ship  interior  volume  freed  by  reductions  in 
personnel  to  make  it  available  for  other  purposes.  The  potential  personnel 
savings  and  operational  efficiencies  achievable  from  application  of  modern 
personnel  and  logistic  engineering  can  be  translated  into  increased  sortie 
rates,  more  effective  sorties,  and  gains  in  ship  sustainability  and  survivability, 
as  well  as  in  reduced  operations  and  support  (O&S)  costs.  Achieving  these 
gains  will  require  attention  from  the  top  levels  of  the  Navy  where  overall  carrier 
system  characteristics  are  specified,  accepted,  and  verified,  since  none  of  the 
designers,  builders,  program  managers,  or  commanders  at  the  ship  and  aircraft 
subsystem  and  system  levels  is  responsible  for  the  overall  level  of  personnel  on 
the  ship  or  die  cost  and  effectiveness  implications  of  personnel-related  decisions 
that  they  may  make. 

5.  To  stay  within  the  NIMITZ-size  envelope,  adapt  existing  and 
near-term  aircraft  designs  for  the  tactical  support  area  to  meet  mission 
requirements  imposed  by  threat  evolution  to  about  2010;  e.g.,  let  the 
enhanced  self-defense  compensate  for  the  effects  of  possible  shortcomings 
in  long-range  airborne  early  warning  (AEW);  develop  electronic  warfare 
(EW)  versions  of  the  A-X  when  it  is  defined;  explore  extending  the  S-3 
airframe  or  adapting  newly  available  high-performance  rotorcraft  to  improve 
ASW  capability;  take  prudent  steps  such  as  those  described  in  Chapter  7  to 
enable  the  ship  to  operate  somewhat  heavier  aircraft  if  need  be;  and  improve 
the  battle  group’s  ability  to  operate  in  joint  modes  with  shore-  and 
space-based  systems.  These  actions  would  fill  the  gap  until  newer  systems 
could  be  made  available  for  the  mid  term  and  beyond. 

6.  Pursue  a  carrier-oriented  R&D  program  to  open  new  options  for 
carrier  evolution  in  the  mid-  and  long-term  periods.  Although  there  are 
many  pertinent  R&D  projects,  there  is  currently  no  comprehensive  R&D 
program  aimed  explicitly  at  improving  aircraft  carriers.  Many  of  the 
advances  in  R&D  programs  for  weapons,  aircraft,  and  smaller  ships  can  have 
the  effect  of  advancing  the  carrier  and  the  carrier  system,  but  adaptations 
become  necessary  during  carrier  design  and  construction.  A  program  of 
R&D  explicitly  designed  to  advance  the  carrier  and  the  overall  carrier  system 


26 


Carricr-21  Overview 


ta »— — -wSSJ:  SZXEZS?  "",ik‘* “ 

integration  into  the  earner  system  are  achieved  Currently,  a  Carrier  buh 
djiCJ  >  accretion  of  subsystems  and  systems  from  various  sources  in  a 

25?  TT^  1C3ding  ,0  many  ^  **  ^.gn  fituS  A  i 
hich  eranse*'!’  P"??ng  Conccntra,ed  attention  but  not  requiring  very 
Srlr^  neCd?  *°  deS1'Sn-  ^edule,  and  modulate  the  p,S 
earner  s\stem "and  *?  ,he  pianninS  and  implementation  of  the  total 

mmmm 

5r«SS3: 


CARRIER-SYSTEM-RELATED  research  and 
DEVELOPMENT  (R&D) 

^ e^W^oa^n«Shc^her  T*"  ”*  d^eIoPment  *«  should 
the  caWStent  S™  n  ^  SyStCm  and  10  raake  accessible  some  of 

sasfeSSsS^SS 


$8  billion.  Saving ^buted  to«ic use ^  **  *irCrafl  ^  «*  <w 
but  they  could  be  large.  nagement  approach  have  not  been  calculated. 
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results  can  be  expected,  as  are  judgments  as  to  the  level  of  risk  associated 
with  the  development  of  the  technologies. 

Risk  is  linked  to  the  state  of  the  art  and  of  practice  in  the  technology. 
Low-risk  activities  are  those  based  on  technology  that  has  been  implemented 
in  the  field  at  some  point,  requiring  only  the  time  and  resources  for 
application  and  integration  in  some  current  context.  Medium-risk  efforts  are 
those  for  which  the  basic  phenomena  are  reasonably  well  understood,  and 
which  may  have  been  the  subjects  of  successful  laboratory  experimentation, 
but  which  have  yet  to  be  applied  to  an  operating  system.  High-risk 
endeavors  are  those  for  which  the  concepts  and  early  theory  and 
experimentation  may  exist,  but  for  which  much  of  the  phenomenology 
remains  to  be  described  and  implemented  in  hardware  or  software;  the 
technical  risk  involved  in  trying  to  bring  them  to  successful  application  is 
therefore  high,  because  unknown  or  unexpected  hurdles  can  prove  highly 
expensive  or  even  present  insurmountable  difficulties.  Within  the 
characteristic  cost  level  of  the  systems  and  subsystems  under  consideration, 
higher  risk  entails  higher  research-to-hardware  cost,  although  the 
performance  of  the  hardware  might  reduce  overall  costs  in  the  long  run. 
Also,  as  will  become  apparent  during  the  detailed  discussion  in  Part  Two, 
depending  on  the  capability  it  can  take  more  or  less  time  to  bring  a 
capability  to  fruition,  regardless  of  the  level  of  risk. 


1.  Aircraft  Systems 

•  Range  extension  with  landing-speed  reduction  for  CTOL 
aircraft  (near  to  mid  term;  low  risk). 

•  Structural  materials  suited  to  carrier  environment,  for  low 
observability  (LO)  designs  (near  to  mid  term;  medium  risk). 

•  STOVL  fighter/attack  aircraft  technology  and  prototype 
development  (mid  term;  medium  risk). 

•  Systems  to  facilitate  and  enhance  night  and  bad-weather 
operations  (near  to  mid  term;  low  to  medium  risk) 

•  Lightweight  counterstealth  aircraft  radar  systems  (mid  term; 
high  risk). 

•  High-performance  rotorcraft  concepts:  ASW,  tanker,  carrier 
onboard  delivery  (COD),  rescue  (mid  to  long  term;  low  to 
medium  risk). 

•  Unmanned  aircraft  surveillance  systems,  especially  HALE,  with 
spacecraft  reliability  (Le.,  long  time  on  station,  operating 
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lauuresj.  air-to-air  rcfuelablc  from  the  carric 
AEW  and  other  tasks  (mid  to  long  term;  medium  risk). 

2.  Passive  Carrier  Survivability  (near  to  mid  term) 


All  areas  of  ship,  aircraft, 
management  (low  to  medium 
Damage  isolation  and  control 
’Instrumenting*  the  ship,  to 
maintenance  (medium  risk). 
Passive  torpedo  protection, 
against  underkeel  torpedoes 
depending  on  constraints  and 
Advanced  armor  for  selective 
(medium  risk). 


3.  Active  Carrier  Self-Defense 


and  weapon  system  signature 
risk). 

throughout  the  ship  (low  risk), 
support  damage  control  and 

including  especially  protection 
(could  be  low  or  high  risk, 
implementation), 
protection  of  critical  ship  areas 


4. 


•  Near-term  missile  and  close-in  weapons  system  (CIWS1  sun 
system  improvements  (low  risk)  '  '  ®un 

l  5™e2T,i0n  °f  AEGIS  (mid  ,e™;  "tedium  ^k). 

"  raiv'  >■"  »nwo  (low 

applications  in  air  defense  (mid  term;  medium  rfekf 
Propulsion  and  Electrical  Systems  (mid  to  long  term) 

•  £,?sa,nCed' S3fe’  high-Power-density  reactors  (high  risk);  reactors 

•  time  between  refuelings  (medium  risk) 

maiaf^Wer"<lenSIty’  Cnergy  “"veraon,  conditioning,  and 
management  systems  (medium  risk).  * 

•  Electric  drive  (medium  risk). 

•  All-electric  "yellow  gear*5  (medium  risk). 


J Aircraft-  and 


munitions-handling  equipment. 
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5.  Radio-Electronic  and  Acoustic  Battle  Management  (Continues  from 
present  through  long-term;  carrier  system  needs  modularity  for  continual 
upgrade.) 

•  Complete  integration  of  the  active  carrier  self-defense  systems 
aboard  the  carrier,  and  with  battle  group  defense  and  offense 
operations,  including  sturdy,  multimedia,  hard-to-detect 
communications  (low  to  medium  risk). 

•  LO  and  counter-LO  sensors  and  sensor  systems  (medium  to 
high  risk). 

•  Advanced  targeting  systems,  including  'forward  pass'  with 
appropriate  data  link  capacity  and  multimode  battle  integrity, 
for  strike  and  defensive  warfare  (medium  risk). 

•  Broadly  defined  EW  and  decoying  systems  to  work  with  carrier 
signature  management  and  defense  (medium  risk). 

•  Improved  battle  group  command  center  designs,  in  association 
with  carrier  and  battle  group  combat  information  system  design 
(low  risk). 

6.  Advanced  Logistics  and  Manpower  Engineering  (near  to  mid  term; 
all  low  risk) 

•  All  areas  affecting  personnel  and  training;  computer-based 
operation,  maintenance,  and  support  systems  for  the  ship, 
aircraft,  and  weapons  with  emphasis  on  reliability, 
maintainability,  and  modularity  for  easy  replacement  of  aging 
subsystems;  rapid  aircraft  turnaround  concepts;  all  applications 
of  automation  to  these  purposes  and  to  ship  operation  and 
damage  control-all  these  areas  with  the  purpose  of  making  the 
carrier  system  and  its  operations  more  effective  and  efficient 
with  fewer  people,  and  to  "capturing"  interior  volume  for  other 
uses. 

•  Improving  compatibility  of  carrier  and  underway  replenishment 
ships. 

7.  Special  Opportunities— opportunities  are  available  to  make  special 
gains  in  understanding  of  carrier  systems  that,  if  capitalized  on,  can 
contribute  invaluable  data  for  mid-  to  long-term  carrier  design.  Among  the 
most  interesting  are  the  following: 
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Use  of  the  FORRESTAL,  which  is  to  be  transferred  to  training 
status  in  1992,  as  a  test  bed  to  experiment  with  and  develop 
several  of  the  concepts  described  in  this  report,  for  defense, 
logistic  support,  crew  reduction,  and  operations  (medium  risk).' 
Design  and  model  studies  of  all  aspects  of  large 
semisubmersible  ships,  with  special  attention  to  the  technical 
problems,  signature  reduction,  enhanced  survivability,  better 
cost  estimates,  and  changed  operational  concepts  in  the  long 
term  (low  risk)/  6 

Large-scale  structural  model  experiments  (possibly  including  a 
highly  instrumented  live  fire  test  of  a  carrier  destined  to  be  sold 
for  scrap),  to  help  quantify  better  than  is  now  possible  the 
effects  of  underkeel  torpedo  explosions,  to  aid  design  studies  of 
passive  protection  of  carriers  and  other  large  ships  (medium 


'Building  .  Urr  prototype  portable  ship  may,  of  coume,  become  ,  high-risk  emtavor. 


PART  TWO 


OVERVIEW  DISCUSSION 


I 
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BACKGROUND 


A  study  such  as  this  cannot  be  started  with  a  wholly  clean  slate.  It  is 
best  to  set  the  stage  for  understanding  the  scope  of  the  study  and  the  results 
it  conveys  by  making  explicit  as  many  as  possible  of  the  underlying 

— T  FrCmiSf  EvCn  the  defini,ion  a"  a^a*  carrier  sh2 
notbe  taken  for  granted,  since  the  results  of  the  study  will  be  based  on  a 

about'aircMft  lhat  may  d'^r  from  others*  understanding 

„mtu'  11115  SCCti0n  Iays  out  the  main  assumptions  and 

Smi  the  sin?'  C  SCOpe/nd  direction  of  ,he  s,udy.  defines  the  carrier 
!£  “ 1 [ht  Stud>'  Sf0up  understands  it,  and  reviews  the  times  when  there 

will  be  significant  opportunities  to  change  the  carrier  system. 


ASSUMPTIONS  AND  PREMISES 

1.  The  study  accepts  that  there  will  be  U.S.  naval  forces,  of  which  the 

SSSf  3re  3  Pa"’  thr°USh  lhC  indefini,e  ****  future  existence  o! 
aircraft  earners  m  some  form  is  not  an  issue.  However,  carrier  design  and 

the  way  earners  cany  out  their  missions  could  change  significantly. 

2.  The  number  of  carriers  that  should  be  in  the  fleet  is  also  not  an 
issue  that  this  study  will  examine.  But  the  study  recognizes  current  realities 
Itis  assumed  that  budgets  will  be  right  in  the  foreseeable  future,  but  that 

forceT”  W  **  avaiIatle  10  build  and  support  needed  maritime  warfare 

HoweverN?heiT(?,hhatVe  ***"  COnsidered  immune  from  examination. 
However,  the  fact  that  a  question  is  raised,  explored,  and  leads  to  some 

unswers  or  system  concepts  does  not  necessarily  imply  that  the  answersare 
advocated  as  conclusions  or  recommendations  of  the  study. 

4.  For  purposes  of  this  study,  the  nominal  service  lifetime  of  a  carrier 
“^e!\to  **  50  years-  including  overhauls,  refueling  of  nuclear  reactors 
and  modernization  programs.  While  this  assumed  value  might  chaneeTn 
later  circumstances,  it  seems  reasonable  in  engineering  terns  and  i  in 
reasonable  accord  with  current  plans  and  programs  for  the  carrier  force. 
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[ZTl^y  P  n"ing  faC,0rS  for  an  averaSe  carrier  scnice  life  of  45 
Lift  M  f°rCC  S,ruc,ure  budSets  lead  to  earlier  retirement  for 
”S*  lhe ( non-nuclear  carriers.  However,  the  ENTERPRISE  is  just  being 
refueled  with  another  20  years  of  service  life  in  view,  bringing  its  planned 
service  life  to  50  to  55  years.  Rising  costs  of  future  majofs^ems  S 
easi|y  lead  to  the  addition  of  5  years  to  planned  service  life  for  the  other 
nuclear-powered  aircraft  carriers  [CVNsJ  and  their  successors.) 

.,.5' „,TheHseryicci  ,ife  of  a  generation  of  aircraft  is  taken  to  be  30  years 
h  any  individual  aircraft  remaining  ir.  service  for  20  years.  This  is 
“"S‘Ste.n'w,tb  hlstonc  progressions  of  aircraft  generations  in  both  the  sea- 
land-based  tactical  aircraft  forces,  and  it  accounts  for  the  fact  that  newer 
generations  of  aircraft,  which  are  becoming  more  expense  than  SSr 
nve  <jcessors.and  are  taking  *onger  to  develop,  will  probably  remain  active 
heretofore!^  ^  mteiValS  (with  Periodic  upgrading)  than  has  been  the  case 

6.  It  is  assumed  that  large  carriers— about  the  size  of  the  NIMITZ  class 
or  larger— will  be  nuclear  powered.  The  nuclear  vs.  conventional  power  issue 

S&rSNmh?n°Br0USh,y  ^ thC  timC  °f  thC  CW/cvn7  discussions^  the  late 
1970s.  Nothing  in  recent  experience  suggests  that  non-nuclear  power  for  a 

^,genHeraT SWpS  °f  the  aircraft  «*r  (CV)  ctaSSJU 
P  fUtUre  sustainab,lity  considerations  would  suggest  using 

SmS^WCr  f0f  m0re  SWPS  if  **  init,al  «“  are  deemed  supporS 
Smaller  earners,  some  configurations  of  which  are  described,  may  beuiuclear 

assumed  that  at  !east  initially  the  strategic  situation  will 
ntinue  to  encompass  generally  friendly  relationships  with  the  nations  with 
whom  we  are  friendly  now.  However,  the  nature  of  those  relattoSZ  Tnd 
the  nature  of  relationships  with  current  or  potential  opponents,  may  be  such 
at  the  earner  force  could  interact  in  cooperative,  guarded,  or  hostile  wavs 

isafonh!^  “r  nation\rnil^ry  forces  a‘  some  time  in  the  future.  There 
is  a  further  implication  that  C3!  equipment  and  strategies  will  have  to  be 

u21E^r«oeandLCOinpatibi,ity  With  th0Se  °f  new  aI,ies’  and  t0  have  ‘heir 
use  denied  to  new  enemies,  perhaps  on  short  notice.  Therefore,  the 


7CW  (aircraft  carrier  [medium])  VJ.  CVN  (aircraft  carrier  [nudear]). 
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operational  conuxt  defining  the  military  capabilities  needed  in  a  future 

intent*"  atten“on  to  potentially  opposing  capabilities  rather  than 

intentions  of  any  potential  opponent  That  is,  there  is  no  ’threat'  national 

““  *»  I*  tensive  and  varied  po„„,ial„  oprSg 

SS  X'Sp”  *“  ””  ^  « »' 

THE  AIRCRAFT  CARRIER  SYSTEM 
mnhi^er,Ca7ier  ^  3  mu!°T  ‘aCtiCaI  air  base  fitted  int0  a  horizontal,  floating, 

SL:  gC  r°US  y  “  l0"S  35  thC  EmPire  S,a,e  BuiIdi"S  15  high,  ft 

•  A  specialized  form  of  runway  (in  effect,  parallel  runwavs)  capable 
of  simultaneous  aircraft  launching  and  recovery  or  rapidly 

alternating  launches  from  and  landings  at  several  points  on  the 
runwsy  j 

•  Tie-down  and  hangar  space  for  the  aircraft; 

•  Aircraft  refueling,  maintenance,  repair,  and  subsystem  setup  and 

calibration  space  and  facilities;  Y 

•  Weapon  storage,  loading,  and  setup  space  and  facilities; 

•  Aircrew*  and  aircraft  service  crew  living,  planning,  health,  and 
recreational  space  and  facilities;  and 

•  Living  space  and  health  and  recreation  facilities  for  the  crews  that 
operate  the  ship,  the  air  wing,  and  their  facilities. 

.  CYn!r  pi,0vides  for  the  shiP’s  self-protection  in  case  of  war 
ncluding  shipboard  weapon  systems  in  addition  to  defensive  aircraft  and 
largetmg  for  those  sprees;  and  comrol  anl)  «  lr  0(  d  '  “ 

°'  ”^P 

addition  m'S  “  fan  a  marMm«  «irfsre  and  naval  aviation  S)51!m 
addiuon  to  the  earner,  the  system  includes: 

•  Sea-based  aircraft  for  strike  warfare  and  for  antiair,  antisurface-ship 

and  antisubmarine  warfare;  v 

•  Surveillance,  command,  control,  communications,  intelligence  (C3!! 

SMlemS’<and  0thCr  combat  suPP°rt  such  as  electronic 
and  midair  refueling,  to  enable  them  to  cany  out  offensive 
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•  The  weapons  they  use; 

*  Offboard  systems,  on  other  ships  or  land  based,  to  help  protect  the 

carrier  and  the  battle  group,  in  addition  to  the  defensive  systems 
aboard  the  carrier;  J 

#  mi  C31 3nd  tar£eting  system  necessafy  to r  the  total  defensive  task; 

•  Facilities  and  work  space,  aboard  the  carrier  or  one  of  the  ships 
tha t  atxompames  it  in  the  battle  group,  for  the  battle  group  or 
battle  force  commander,  his  staff,  and  operating  crews,  including 
command,  control,  and  communications  with  links  up  and  down  the 

°.ther  e,ements  of  ,he  “mer  battle  force,  to  other  fighting 
forces  and  to  regional  commanders-in-t;.ief(CINCs)  and  sometimes 
to  National  Command  Authorities  (NCAs). 

™JnnW^  in,br0aCl  peISpec,ivs- the  s^tem  components  may  be  part  of  the 
aviation  complement  of  the  carrier;  they  may  be  part  of  the  carter  itself 
ey  may  be  part  of  the  fleet  that  accompanies  the  carter,  or  they  may  be 
land- or  space-based,  even  though  they  are  part  of  (i.e„  ’organic^  £? Me 

oT^batfle^erouD  TTui  ^  0pera,es  under ‘he  command 

in commandcr’  wh° *  in  «*« 

Like  any  major  system,  all  the  components  of  the  carter  system  are  tied 

"  rra  'rx,ack  k*»  ££££ 

AUh  8fTeCt  the  d,stribution  of  functions  and  costs  in  the  others 

/dthough  this  study  is  focused  on  the  technology  and  design  of  the  carter 
o  he  future,  that  design  can  be  affected  profoundly  by  changes  in  the 
concepts  of  operation  and/or  the  design  of  any  of  the  non-^rte^ 

subsystems*3  V“em  “  well  as  in  the  aviation,  the  carter,  and  their 
SnSSn.  A?  ’  constra,nts  and  opportunities  in  carter  design  can  and 
will  affect  the  design  and  operation  of  all  other  parts  of  the  system  TTius 
same  of  the  issues  that  will  drive  the  carter  disign  must  Siy^S 
her  parts  of  the  total  system  as  well  as  in  the  design  of  the  carter. 


A  battle  force  includes  more  than  one  earner  and  elements  of  more 


than  one  battle  group. 


Carrier-21  Overview 


37 


INITIAL  CONDITIONS  OF  THE  STUDY 
The  Carrier  Air  Wing 

The  shape,  size,  and  functioning  of  the  carrier  depend  strongly  on  the 
aircraft  that  operate  from  it.  The  aircraft  characteristics  determine  the 
landing  space  and  catapult  (or  other  takeoff)  requirements  of  the  carrier 
deck,  and  for  a  given  hul!  form  those  requirements  essentially  determine  the 
design  the  ship.  However,  the  carriers  available  at  the  time  aircraft  types  are 
replaced  likewise  influence  the  design  of  the  aircraft.  The  current  large-deck 
carriers  and  their  carrier  air  wings  are  thus  matched  to  each  other  within  the 
carrier  system,  as  the  result  of  decades  of  evolution  of  both. 

The  carrier  air  wing  currently  includes  between  80  and  100  fixed-wing 
and  rotary-wing  aircraft,  with  the  former  constituting  the  vast  majority.  The 
fixed-wing  aircraft  complement  is  composed  entirely  of  conventional  takeoff 
and  landing  (CTOL)  aircraft,  with  the  exception  of  the  Marine  Corps’ 
AV-8B  vertical  or  short  takeoff  and  landing  (V/STOL)  light  attack  bomber 
that  might  be  carried  during  some  missions.  The  Navy  combat  aircraft 
currently  include  the  F-14  long-range  fighter,  the  F/A-18  fighter  and  light 
attack  bomber  (whose  mission  spectrum  concentrates  mainly  on  attack),  and 
the  A-6  medium  attack  bomber.  Fixed-wing  support  aircraft  include  EA-6B 
aircraft  for  electronic  warfare  (EW)  and  aircraft  for  midair  refueling,  both 
built  on  the  A-6  airframe;  antisubmarine  warfare  (ASW)  aircraft,  using  the 
S-3  airframe;  and  the  E-2C  airborne  early  warning  (AEW)  aircraft  that  help 
manage  the  defense  of  the  carrier  and  the  maneuver  of  aircraft  forces  in 
strike  warfare.  Aerial  resupply  and  personnel  exchanges  are  performed  by 
carrier  onboard  delivery  (COD)  versions  of  the  E-2  and  the  S-3.  Helicopters 
include  variants  of  the  H-60  for  ASW  and  air-sea  rescue,  and  of  the  CH-53 
for  heavy  lift. 

The  aircraft  currently  in  the  carrier  air  wing  will  be  of  obsolescent 
technology  and  will  reach  the  end  of  their  planned  service  lives  during  the 
early  2000s.  Replacement  plans  are  currently  either  under  way  or  under 
study  and  discussion  in  the  Navy,  depending  on  the  aircraft,  and  they  have 
entered  the  Office  of  the  Secretary  of  Defense  (OSD)  and  congressional 
budget  processes. 

The  A- 12  medium  attack  aircraft  that  was  in  development  was  canceled 
in  early  1991  for  technical  and  management  reasons.  Its  airframe  had  also 
been  under  consideration  for  adaptation  to  fulfill  some  or  all  of  the  other 
roles  currently  filled  by  the  A-6,  and  possibly  others  are  noted.  As  this  is 
written,  a  new  aircraft  or  concept  for  the  A-12  mission  has  not  been 
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miliurv  opposition  to  the  new  aircraft  the  A  ir  a;nM<len3'Kjn  °f  potential 
range,  payload,  and  low  obserobilio^n  tA*2  S  PIanncd  characteristics  of 
degree  in  anv  succeeding  desien  W  have  ,0  ^  accounted  for  to  some 
considered  here^S  a^an  S’ the ~ ^  labdlcd  the  A*  be 
the  turn  of  the  century.  Essenriafv  the  suMth”**  beginning  shortly  after 

be  f«lfml”i)ra”8p“"““f'om  "the  mVwS  nT  l0"S  “m  10 

SSrr:sr  *«  ^'izziZ'V* 

the  F/A-I8  have  “  °r  redeve,0P™"« of 

a  stretch  version  fF/A-18  E/Ft  ,n  f  ,he.  'sht  fighter  and  attack  roles,  and 
fighter  role  (  >l°  ‘nCrease  ,ts  ranSc  ">ay  fulfill  the  long-range 

study  to  fulfill  the  AS\V  EW  andmhSUPP°n  (ATS)  aircraft  under 
carried  out  by  the  S-3  E^C  roles  currently 

airframe,  some  combin  tfon  V«he  *  a  new" 

adapted  to  the  new  missions?  or  some  other^f  ?10dcrn,zcd  «  airframes 
not  yet  selected.  The  logistic  suonort  ™ie  “mbinatI0n  of  aircraft  designs 

«-E3K  fo' 

of  the  combat  aircraft  ro  tk^'^  .  8i  TOVL)  aircraft  for  scme 
rotaty-wing  aircraft  ‘ 

opens  the  possibility  of  a  stealing  generation  deSigns’ 

aircraft  type  that  has  been  under  f  powered  ,lft aircraft-an 

II,  but  t^Tis  now^tTe  o^a  in^Tn  fUOn  regU,ar,y  Sincc  World  War 
helicopters.  0peraUng  ,nventoiy  <>%  in  the  AV-8B  and  the 


Current  Status  of  the  Carrier  Fleet 

The  diagram  presented  in  Figure  1 1  shows  the  rime  «•  *. 

comnussioning  to  decommissioninV  «wi  ^  “*  tune  hnes  front  date  of 
nominal  CVN  50-year  service  lifeWnr  ,hud,ng  .,he  end  of  the  assumed, 
under  constructionVand  authorized  bv  cZ  amm  aOTeaty  in  the  fleet, 
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not  yet  been  authorized  by  Congress.  Approximate  time  lines  for  the  new 
generation  of  aircraft  are  also  shown,  to  highlight  the  relationships  between 
the  carrier  and  aircraft  lifetimes.  The  following  key  points  should  be  noted 
from  the  relationships  illustrated  in  Figure  1.1. 

Six  conventional  carriers  are  scheduled  for  retirement  or  conversion  to 
training  status  before  the  year  2000  as  new  NIMITZ-class  carriers  are 
commissioned,  with  the  carrier  fleet  limited  to  12.  The  remaining  KITTY 
HAWK(+)  classes  of  carrier,  and  the  ENTERPRISE  (the  first  CVN),  will 
be  about  50  years  old  in  the  period  from  2010  (KITTY  HAWK)  to  2018 
(JOHN  F.  KENNEDY).  The  NIMITZ  and  carriers  in  the  NIMITZ  class 
will  need  to  be  replaced  starting  in  2025.  Planned  refueling  of  the 
ENTERPRISE  will  keep  it  in  the  fleet  until  2011  (or  possibly  longer). 

Viewed  alternately,  if  there  is  a  12-carrier  active  fleet,  between  about 
2000  and  2025  the  carrier  fleet  will  have  8  NIMlTZ-cIass  carriers  and  it  will 
need  4  replacements  for  the  older  conventional  classes  and  the 
ENTERPRISE.  Thus,  during  the  three  time  periods  being  considered  as 
relevant  to  the  evolution  of  carrier  technology,  the  opportunities  to 
incorporate  the  technology  in  new  designs  can  occur  as  follows:  near  term, 
involving  the  CVN-76;  mid  term,  about  2005  to  2020,  during  which  3  new 
ships  will  be  needed,  and  post-2025,  when  the  NIMITZ  class  will  start  to 
nc  d  replacement.  At  any  point  after  2010,  more  than  3  new  carriers  may 
be  needed  if  the  number  in  the  active  fleet  again  exceeds  12  carriers.  Much 
of  the  new  technology  can  be  incorporated  in  the  existing  carriers  during 
retrofit  and  modernization  programs,  during  any  of  the  periods  when 
elements  of  the  technology  become  available,  independently  of  carrier 
replacement  needs  or  decisions. 

The  new  generation  of  aircraft  that  will  probably  come  into  the  fleet 
during  the  period  2000  to  2010  will  overlap  the  near-term  and  early  mid¬ 
term  carrier  replacement  time  periods  (i.e.,  these  aircraft  will  move  from 
existing  to  new  carriers  while  in  service).  But  that  generation  of  aircraft  will 
start  to  need  replacement  after  2030,  during  the  long-term  carrier 
replacement  period.  Since  the  current  and  the  next  generations  of  carriers 
will  each  have  to  accommodate  two  generations  of  aircraft,  the  evolution  of 
the  ships  and  the  aircraft,  together,  must  be  considered  in  thinking  about  the 
carrier  itself. 

Thus  whatever  the  Navy  decides  about  the  directions  of  evolution  in  the 
carrier  force,  it  is  necessary  to  contemplate  a  roughly  45-year  (*2003  to 
2048)  evolution  of  the  aircraft-pl us-carrier  system  before  wholly  new 
systems  will  have  replaced  every  vestige  of  the  current-design  systems  in 
service.  It  is  also  possible  that  the  carrier-plus-aircraft  system  that  replaces 
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OPERATING  ENVIRONMENT  AND  CONTEXT 


To  meet  the  terms  of  reference  of  this  study  it  was  deemed  essential  to 
examine  the  operational  and  military  environment  in  which  the  new  ships 
will  likely  operate.  This  environment  will  determine  the  requirements  for 
the  future  generations  of  aircraft  and  for  defense  of  the  carrier.  Without  an 
understanding  of  such  requirements,  the  design  of  future  carriers  would  have 
no  sound  operational  foundation. 


GENERAL  WORLD  SITUATION  IN  1991 

The  fall  of  19S9  saw  a  major  change  in  the  world  strategic  situation  with 
the  turning  inward  of  the  USSR,  the  freeing  of  Eastern  Europe,  and  the 
public  perception  in  the  Western  alliances  that  the  Soviet  threat  had 
evaporated.  This  was  but  one  set  of  dramatic  events  in  a  longer-term 
continuum  of  trends  toward  a  differently  oriented  world  geopolitical  scene, 
requiring  a  differently  oriented  U.S.  strategic  posture.  Moreover,  in  part 
because  of  the  events  noted,  it  appears  that  for  the  indefinite  future  US 
strategic  posture  will  have  to  be  revised  in  an  environment  of  constrained 
defense  budgets. 

The  long-term  trends  have  included  the  growth  of  two  major  economic 
groupings— an  economically  unifying  Western  Europe,  and  a  group  of  Pacific 
Rim  countries  with  economies  being  integrated  by  Japan-whose  GNPs  are 
each  of  the  same  order  as  that  of  the  United  States  and  whose  populations 
are  larger.  These  economic  groupings,  militarily  allied  with  the  United 
States  to  meet  Soviet  militancy  when  it  existed  but  increasingly  our 
economic  competitors,  have  technological  capability  that  equals  or  is 
superior  to  ours  in  various  parts  of  the  commercial  sphere  and  is  catching 
up  in  the  military  sphere.  They  have  or  can  build  strong  military  forces  It 
appears  safe  to  project  that  over  the  lifetimes  of  the  next  generations  of 
earners  other  powers  will  grow  important,  new  power  blocs  will  appear  and 
U.S.  relations  with  various  nations  will  change. 
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.  In.thc  ™ird  Uor!d’  whlch  1S  subject  to  severe  development  pressures 
and  where  there  are  resources  vital  to  the  well-being  of  the  United  States 

f_nd  '“naI  ,es’  lh'IC  has  bccn  an  increase  of  nationalism  and  political 
instability  exacerbated  by  the  heightening  of  ancient  rivalries  and  conflicts 
in  many  areas.  These  trends  have  been  accompanied  by  the  growth,  aided 
by  prior  and  current  arms  sale  policies  of  the  USSR,  the  United  States,  and 

nanir  ^K0!  S®**?  that  make  conflic,s  among  «hose  nations 

n?  fm  rive f  dangerous,  and  that  can  be  highly  threatening 
to  U.S.  military  forces  should  we  have  to  use  those  forces  in  defense  of  our 
interests  and  those  of  our  allies.  The  portent  for  the  industrialized  and 
developing  nations  and  their  economic  well-being  embodied  in  the  conflict 
wi  h  Iraq  has  heightened  our  appreciation  of  the  nature  of  the  Third  World 
military  challenge.  The  outcome  of  Operation  Desert  Storm  may  deter 

Wn^  T  3gainSt  U  S-  and  alIied  in,erests  front  the  Third 

Z  r,  l  eunTT  ,erm’  bUt  lhe  an,ecedents  of  ‘hat  conflict  also 
illustrated  that  such  challenges  can  arise  unexpectedly  and  quickly 

to  inJnrovp  *,Ure’  T1rd,Wor,d  military  capabilities  are  likely  to  continue 
to  improve,  as  a  result  of  economic  competition  among  the  industrialized 

ZIT/!!!™5  the  P°li,ical  imperatives  of  arming  allies  in  diverse 
anf  b^aus«J>ndigenous  technological  capabilities  of  growing  regional 

’  tv  ^  w  CMna’-  nd‘a’  and  Brazi1’  are  ako  increas>ng  and  being 
?  '0nCntef  amS  COntr°I  P™^531*  ^''"2  comidered  now 
will  take  a  long  ime  to  implement  if  they  are  agreed  upon,  and  they  are 

S  TT,krd  w,mMty  10  S  ?W  rathCr  tha"  10  S,0p  the  drifl  of  advanced  arms 
*  W°r  d  arsenals-  Although  many  Third  World  countries  may  not 

JfL*.  adePLm  C  df'el0pment  and  of  advanced  military  systems, 

^idlr^dyhweeXPCC  t0  beC°me  *°  °Ver  thC  lifetimes  of  ‘he  ships  being 

wnrin^eJ!?rld  S  econo"’'c  trends  have  led  to  internationalization  of  the 
world  s  economies,  so  that  the  United  States  depends  heavily  on  overseas 

and  manufactured  goods  as  well  as  overseas  sales  of  our 
own  products.  The  sea  and  air  lines  of  communication  to  those  sources  are 
thus  vital  to  our  strength  and  welfare,  as  well  as  to  our  defense.  At  the 
same  tune,  our  freedom  to  use  bases  in  allied  countries  to  protect  US 
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interests  beyond  direct  defense  of  the  allies  has  been  reduced.  Our  allies 
wish  to  have  a  say  in  how  we  use  the  bases  on  their  territory,  and  they  have 
at  times  objected  to  our  using  them  for  purposes  they  disagree  with  or  that 
they  fear  may  work  against  their  own  interests.  Such  patterns  can  be 
expected  to  become  the  norm  in  U.S.  overseas  military  involvements. 

As  specific  elements  of  our  overseas  posture  become  more  uncertain  or 
insecure,  the  Navy  must  come  to  represent  an  increasingly  important  part  of 
our  forward  security  posture.  It  provides  the  only  force  that  can  establish 
a  visible,  persistent  presence  in  a  troubled  or  threatened  area  for 
stabilization  and  deterrence  without  impinging  on  the  sovereignty  of  anv 
nation  in  such  an  area,  and  for  rapid  response  to  an  attack  on  our  interests 
with  military  force.  But  while  one  cannot  say  whose  forces,  specifically,  the 
new  carrier  system  should  be  designed  to  fight  over  the  next  20  to  50  years 
some  categorization  by  potentially  opposing  capabilities  is  possible. 


TRENDS  IN  MARITIME  WARFARE2 

Worldwide,  broad-area  surveillance  by  many  nations,  including  our  own 
will  mean  that  unless  ship  signatures  are  reduced  it  will  become  increasingly 
difficult  for  naval  surface  forces  to  hide  in  the  vastness  of  the  ocean  To 
avoid  telegraphing  moves,  unless  that  is  desired,  to  engage  opposition  on 
sometimes  large  geographic  distances  that  can  be  involved  in 
Third  World  contingencies,  and  to  make  targeting  and  attacks  against  the 
battle  force  more  difficult,  dispersed  battle  force  formations  and  strike 
warfare  beginning  initially  at  some  distance  from  target  areas  arc  visualized 
for  the  early  stages  of  warfare  involving  carrier  forces.  This  would  continue 
a  post-World  War  II  trend  toward  dispersal  of  the  battle  group,  with 
offensive  tactical  aircraft  or  missile  firepower  concentrated  from  increasing 
ranges.  However,  the  evolution  of  threat  weapon  systems  will  affect  this 
trend  in  complex  ways  that  are  explored  in  some  detail  at  various  points  in 
the  remainder  of  this  report 


^  DO*ed  “  “»  “«ion  *nd  technology  involved  are  described  in  detail  in 
T^r!!r^CTml  0{ABdv<mcinS  Technology  for  Nava!  Operations  in  the  Twenty-Fine  Century 
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Briefly,  defense  of  the  fleet  during  the  nerinH  nr  *  c 
came  to  encompass  three  interlock.™  hX  ^  f  severc  Soviet  threat 

airborne  attackers  by  aircraft  at  long-range  ar^SAM*'  ,  in,erceP,ion  of 
or  missiles  leaking  through  the  oute?  SAM  ,nterccP'  of  aircraft 

zone,  and  close-in  ship  self-defense  against  attack*  ^  '",enne<,iate-range 
The  range  of  the  threat  of  the  .lriir^  *  a,taclanS  m>ssiles  and  torpedoes, 
has  continued  °f  ^  def— ^ems 

stealthy  opponenB^i^S”^ A‘  »"*■ 

battle  group  tend  to  shrirk  the  hat#i  ’  J16  r  weaP°ns— that  attack  a 

require  enhanced  ship  self-defense  capaK  °!,Ind‘7.dual  shiPs-  This  will 
battle  group  to  draw  together  for  morePim.t.«i  **  C°U  d  031156  ,he  shiPs  of  a 
System,  to,  strike  **"*•  »arlare. 

further  unproved  indie  future.  They  include:  f°ro«.  and  these  wtli  be 
‘  £££,““  °f  »  atoa»  using  free-fall  gelded 

^SSS2|!lS p°1"1  aefc"ses  aM 

again,!  tlrgeB ‘SJS °ta “ad^a 

the  missiles  after  they  have  reached^  fi°al  t3rget  ,nfonnation  to 
flight  paths  ("forward pass’  ££?  appr°priatc  P°int ««  ‘heir 

**  categories  wi„ 

military  tasks  using  fewer  aircraft  snrtLc  a  M  writer  completion  of 
those  using  ungukfed  weapo^  "d  WMh  fewer  aircraft  ,0^es)  than 

-  mo,«8«pfto,v1  ZTS  2SKSS-S-  “  »  *  U* 
number.  A  carrier  magazine  carries  about  an^f’  ,herefore  fewer  in 
to-surface  weapons  deliverable  at  long  rang?  °fmagn,tude  more  air- 
attack)  than  can  be  included  in  the  fo™  of  2?  ^  °r  standoff  aircraft 

missiles  even  in  advanced  designs  of  r  °n^  ran8e  surface-to-surface 
high-threat  ”?«"»«•  Hcever,  „ 

hostile  shores  before  countercarrier  w«nn  °  dose  to 

or  UM  ft  i^ZShTSStl? T  aml  ,oreB  m  "*»< 
Washington,  D.C  1988)  that  th*  m™.  ^aUonaI  Academy  Press, 

hard,  groep  strike  SS»“J  sth "SLS'lt  TT  » 
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eSaT^'such3^  ?hrge,ed  by  meanS  ranging  from  aircraft  to 
external  assets  such  as  those  tn  space,  depending  on  the  type  of  tareet 

state 1  "fin  r6  W3rfare  by  Car,'Cr  aviation  wouId  follow  this  preparation 
th^in-.-1^  WIi!e  Sltua,l0ns  not  demanding  extensive  and  sustained  attacks 
the  mitial  strike  may  be  enough  to  settle  the  military  issue.) 

_M^,h  offens,ve  and  defensive  maritime  warfare  doctrines  and  systems  will 

EtoLJST  a  ‘mp0rtanCC  of  ,he  ’information  war*  for  targeting 

^ro^anftn  h"f  ‘°  ale“  individual  shl>  approaching  attacked  and 

Srin  ?  ‘U  their  ship’s  defensc-  information  war  is  a 

contest  tn  which  each  side  attempts  to  learn  as  much  as  possible  about  the 

compositions,  locations,  and  activities  of  the  other,  and  atom  third  parties 

Information'^  °f  ?  “f'*’  While  dcn>inS  ™ch  information  about* itself 
sSti  131  W"1  mV0,ve  broad  aPPlication  of  stealth  technotogy 
signature  maragement,  electronic  support  and  countermeasures  JJa 
concealment  and  deception  (C&D).  Information  gathering  and  many’othm 
■nforma,K>..rela,ed  acivite  ,„c|,  „  cmnuaiiio,  Z 
pend  on  systems  m  space,  without  which  the  Navy  will  be  unable  to 
operate,  as  well  as  on  airborne  systems.  The  infoLton  ato  £ 
concomitant  radio-electronic  and  acoustic  battle  management  (REABM)  are 

Although  weapon  range  initially  ran  ahead  of  over-the-horizon  targeting 
of  moving  targets  m  U.S.  systems,  the  information  systems,  including  seLore 
communications,  and  processing  and  rapid  integration  of  information  from 
many  sources,  are  gradually  facilitating  targeting  for  the  standoff  weapons 
Targeting  against  fixed  targets  has  not  b£n  a  problem  pe  r  *  SS.' 
extensive  information  must  often  be  collected  to  facilitate  Sapon  euidan£ 

SstemfSJsrSoTdiS'f^r  ma,Ching-  Use  of  ClobafpofLning 

Jr  a  S'  coord,nates  for  targeting  and  weapon  guidance  will  make 

guidance  less  expensive  and  more  flexible.  However,  this  SSl«  routine 

aU  key  areas  the  United  States  Navy  is  ahead  of  potential 
opponents.  However,  maintaining  the  lead  has  not  come  SeaplVS 2 

ofiJSX  luve  gn“,ul'ly  b“n  SP'“^"8  « 
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Relevant  Third-World  Military  Capabilities 

Third  World  countries  are  rapidly  acquiring  military  capabilities  that  can 
seriously  threaten  our  naval  forces  and  that  can  effectively  oppose  strike 
warfare  by  naval  aviation  over  land.  These  capabilities  include: 

•  A  great  proliferation  of  antiship  cruise  missiles,  which  can  be 
expected  to  incorporate  stealth  characteristics  and  terminal 
avoidance  maneuvers  as  missile  generations  progress,  and  which  can 
be  air-,  surface-,  or  submarine-launched; 

•  Accurate  (e.g.,  100-m  or  less  circular  error  probable  (CEP])  long- 
range  ballistic  missiles  with  conventional  unitary  or 
distributed-effect,  chemical,  and  possibly  biological  warheads  and, 
at  some  future  time,  nuclear  warheads, 

•  Advanced  tactical  aircraft; 

•  Quiet,  modern  diesel  and  closed-cycle  submarines,  with  the 
possibility  that  one  or  more  nations  may  acquire  nuclear-powered 
attack  submarines; 

•  Mines  and  advanced  torpedoes;  and 

•  Effective  air  defense  weapons. 

Table  5.1,  repeated  from  the  synopsis,  Chapter  2,  and  based  on  unclassified 
sources,  shows  some  of  these  Third  World  weapon  system  holdings  and  the 
countries  where  the  capabilities  originate. 

Ballistic  missiles,  while  they  are  clearly  threatening  in  land  warfare 
against  fixed  targets,  may  not  appear  as  threatening  against  highly  mobile 
targets  like  aircraft  carriers.  This  is  true  as  long  as  the  missiles  are  limited 
to  delivering  ballistic,  unitary  high-explosive  warheads,  since  targeting  would 
be  difficult  and  a  ship  at  30  knots  could  move  5  nmi  in  the  10-min  flight 
time  of  a  missile.  Thus,  such  missiles  are  not  now  a  threat  to  the  Navy.  But 
they  can  become  so. 


■^Dittributed-effect  warhead*  are  tho*e  with  *ubtnunition  payload*  that  are  distributed  in  a 
pittcn .designed  to  include  and  damage  the  target  The  probability  of  a  hit  is  increased  thereby, 
and  although  each  submunition  inflicts  less  damage  than  does  a  Urge  unitary  warhead,  the  effect 
of  Jcvenl  hits  distributed  over  the  target  could  in  some  circumstances  be  more  damaging  than 
the  effect  of  a  unitary  warhead  6 
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an.  If,a.?h'P  S  P°sltlon  could  be  ascertained  accurately  at  the  time  of  launch 

2  SSS  fire  b>  man>-  «hen  chemS  warhS 

:  ^  Slbl-  delner  a  damaging  attack.  A  salvo  of  a  few  nuclear  warheads 

Tshiv  Cbance  0f  detona,ing  one  within  killing  distance  of 

•  oIo^l  warheads  would  do  no  immediate  damage,  but  thev  could 

launch  of  a  large  Jan  of  threa!ened  b-v  avia‘'on  a  massive 

rgaE~ 

carJ.V'lL?™  dist3nt  ^ture,  but  within  the  lifetime  of  a  generation  of 
earners  that  may  be  acqu  red  during  the  Derind  wm  5  on.  ot 

warheads  for  ballisric  missiles  „"?d STT™8 
m  addition  to  incorporating  the  technology  into  their  owS  SSTwS 

ba,|K 

but  am  taSSteM  and  tarfieUng 3 Sh'P W°Uld remain a diffi™,t P^blem 

resolution  of  the  data  is  sufficient  to  detect  naval  tarots  If,-  ’ 

^n  expect  increasing  Third  World 

Of  targets  wiihin  fess  J.T«5  STkS  lo?,fon 

**  — — <"  ■  we?  iaLisss 
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insoluble  problems  for  determined  military  forces.  It  must  therefore  h» 
assumed  that  the  tactical  problem  of  maintaining  suriilZi orfiXI 

powers  ^rrheTff’T  '!?  WlU  ***  S°,Ved  in  ,he  ,ong  n,n  by  several  regional 
powers.  (The  effect  of  signature  management  on  this  capability  W«I  be 
discussed  in  a  later  section.)  F  y  W11‘  ^ 

an  TT  ^ 1X311  systems  available  for  attacking  a  carrier  would  then  include 
any  of  the  systems  listed  above.  Although  the  large  wake  homing 
underkee!  torpedoes  are  not  yet  available  in  the  Third  World  they  could 
^come  available  during  the  lifetimes  of  the  carriers  being  SStSSJ 
types  o  oming  could  be  associated  with  underkeel  torpedo  attack. 

_  -T,  y  .'“aj°r  kind  °f  system  that  the  Third  WorId  may  not  have  at  its 
early  disposal  is  an  analog  to  the  Soviet  BACKFIRE  system  delivering 

ind  eSivT^d"  sCuTSl!eS‘  ^eveloPinS  bomber-class  aircraft  is  difficult 
xp  ♦  nc*  suc^  aircraft  may  not  appear  in  the  Third  World 
However,  modern  transport  aircraft  can  be  adapted  to  launch  missiles 
including  heavy,  fast,  long-range  ones,  so  that  in  time  a  non-SS 

ST Z ,  n 0  the  of  the  „„ure5le 

threa/haiiS  h “s,?ssing  for  the  outer  air  battle  as  the  Soviet  air 
reat  has  been,  but  denial  of  continuous  combat  air  patrol  (CAP!  deep  over 

hostile  territory  where  the  transports  may  be  orbiting,  prior  to  establishment 
o  fnendly  air  supremacy,  could  contribute  to  surprise  in  such  launches. 

ihtary  capability  that  the  carrier  system  can  expea  to  face  in  strike 
The  ater™2  ,tS  hSime  indudes  sophisticated  landSsed  air  defense 
SSe  of  f  se  “pablhlics  inc,udc  Soviet,  U  S.,  French,  and  British  systems' 
some  of  which  have  high  performance  and  are  very  resisXu  To 
countermeasures.  In  some  countries  these  defenses  are  ried  together  n 

>nc’“dmg  early  warning  and  cooperative  Smbat  among 
dispersed  defense  sues.  The  United  States  encountered  such  canabilT 
toed  on  much  cruder  systems,  in  Vietnam,  and  the  performance  of  such 
systems  has  improved  greatly  since  then.  As  time  processes  we  cat,  also 

STIST  f fom,s  ot  teer  w“p°"s  ***** 

Such  weapons  may  not,  m  the  early  years,  have  sufficient  power  levels  to 

S3T53S.* 8 a“am‘ bul  XT- 

LTTiffi  £££££  tS 

iTluT"16 ?  °fthe  ,nformation  of  the  air  (as  well  as  naval)  warfare 

mcludmg  effect, ve  command,  control,  and  communications  wit?  ntTmtS 

2K T  3nd  toXCt'^C  Signature  management  suZTan1 

effiaent  and  effeaive  targeting  systems  and  weapons  that  can  destiny  targets 


Carricr-21  Overview 


developed  extensive  skills  nnn  t  World  countries  have 

sabotage.  These  pose  a  danrer  to  emen.,ing  or£antzations  in  terrorism  and 


Allied  Countries 

with  the  heigh, eSe oT^ni ‘"^enatrfihe  Soviet  threat  wither 

inevitably  change  thf  nature  of  the  “iTaS^FartOR1- “Th  mUSl 
competition  are  Iikelv  to  come  to  th*  a  Factors  in  the  economic 

Europe,  Japan.  2  “r«"  Wfc  1,  ?*  »"««  »oo. 

With  its  Korean  neighbor  nfthe  North)  an  a^^“Td  **  SOme  P0'"' 
technoiogial  apabilities  While  the  \  -  ^  exPcc,ed  t0  advance  their 

technologies  oT  ^ataT  im^mnt  0ne,f  t,0,n  may  **  commercial,  the 

materials  areas,  will  have  dual  uses  so*  that  *  *  *ctron,c’  c°mP«ting,  and 
allies  will  grow.  ’  50  that  miI,tary  capability  among  the 

•«££s?rss  ssss  ^8,iy  “ ,here  “  • 

IZ’ttSZ  SSS^-M 

lo  continue  in  our  Iniditional  teiaeishiu  mil  “  “paMt?  if  we  are 

naval  and  martdme™  S™  STJ*-  Tl“  •»"“  “penally  »  He 

importance  to  all  and  where  we  have  h»i  th  m  thC  563  arc  v’ta* 

capable  *  sue.**  fd,  „  fas^nTj !ES^5J 
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Sfonv  ,fPrSe  CffCCi  °f  Cnh,ndn£  an>'  d'^nce  of  interests  and 
actions  that  the  economic  competition  might  bring  about. 


OVERALL  SIGNIFICANCE  OF  THE  DIFFUSE  THREAT 

h^1"!,031  Ch?nSC  happcn  much  more  rapidly  than  the  carrier  system 
can  be  changed  in  any  significant  way.  It  is  thus  fruitless,  and  could  be 
seriously  misleading  to  the  public  and  defense  planners,  to  try  to  predict 
*  lch  na,,°ns  an>'  carrier  system  built  to  operate  during  much  of  the  21st 
haveUm^  l<\fight  ovcr  its  Iifc,ime-  Ra'her,  the  carrier  svstem  will 
, ,  V:C??  ‘°  W°rk  *ith  and  con,end  w,h  a  flexible  array  of 

SS  ’r  r  If  beCOming  an  increas'ngly  un«aMe  and  transient  set 
of  world  political  and  economic  relationships. 

AH  the  indications  from  the  above  sketch  of  the  current  world  situation 
and  geopohucal,  technological,  and  military  trends  are  that  the  naval 
i°.V *?‘e”  Wll‘ ha'*  ,0  con,*nu*  to  strive  for  the  best  technological 
hS  “'I*’*  8chievcd-  ‘he  relaxation  of  tensions  with  the 

ST T  8  ,n  ‘he  trCndS  prcsages  a  reIaxa,ion  of  the  need  to  be 
able  to  meet  and  overcome  advanced  military  technological  capability  in  any 

areas  of  the  world  where  U.S.  interests  may  be  threatened  in  the  Sure  * 
Some  may  argue  that  the  Operation  Desert  Storm  experience  in  rapidly 
overcoming  resistance  by  a  well-armed  enemy  suggest  that  the  biv 

ZtZ  ThCre  arc  ^  “  W»  argimSt  Tc 

first  is  the  historical  observation,  repeated  several  times  during  the  past 
century  and  a  quarter  (e.g„  in  Japan,  the  USSR,  Korea),  thatwer  time 
forces  newly  equipped  with  modern  systems  will  become  adept  at  developing 
and  using  them.  The  second  is  that  the  use  of  -he  most  advanced  US 
2T7 ,0  °Vercome  resistance  rapidly  saved  many  casualties  and  avoided 

E  SC'ere  nat‘°nal  P011'1031  divisions-  ^ng  out  the  value  and 
indeed  the  necessity  of  keeping  the  technological  edge.  A  very  substantial 
technical  lead  may  become  essential  in  fast-moving  technical  areas 

^‘hough  the  need  for  advanced  technological  capability  in  the  Navy  and 
the  Marine  Corps  wall  not  diminish,  the  nature  of  the  capability  amid 
change  significantly.  The  shift  in  threat  priorities  and  possible  comtat  areas 
will  mean  a  reduced  likelihood  of  open-ocean  fleet  combat  aUong  ra^ 
An  increase  m  operations  in  coast-oriented  or  littoral  areas  can  be 
anuetpated.  There,  the  fleet  will  become  more  accessible  to  proliferate? 
shorter-range  oppostng  tactical  aviation  and  to  land-  and  submarine-’ 
uiunched  antishtp  weapon  systems.  The  long-range  outer  air  battle  and  the 
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missile-based  area  defense  zones  would  then  tend  to  merge.  The  battle  for 
air  supremacy  will  move  away  from  the  three-tiered  open  ocean  battle  that 
characterized  planning  to  meet  the  earlier  Soviet  threat,  to  become  a  mixed 
battle  involving  integrated  use  of  antiaircraft  missiles  and  fichter  aircraft 
Incorporation  of  stealth  in  threat  systems,  the  underkeel  torpedo  threat,  the 
continuing  threat  from  naval  mines,  and  a  growing  ballistic  missile  threat 
will  require  more  emphasis  on  self-defense  of  the  carrier. 

Although  other  geographic  areas  will  be  emphasized  in  U  S.  planning 
now,  we  must  also  be  ready  to  respond  in  case  there  is  a  resurgence  of 
Soviet  hostility,  which  could  occur  virtually  overnight.  In  that  event,  and  for 
some  Third  World  situations  (such  as  the  anticipated  continuing  U.S. 
presence  in  the  Persian  Gulf)  requiring  operations  at  vety  long  distances 
from  the  earners,  the  Navy  will  continue  to  need  long-range  aviation  such 
as  it  has  and  is  planning  now. 

Over  time,  both  threats  and  naval  aviation  characteristics  will  change. 
The  range  and  payload  of  tactical  attack  systems  on  both  sides  will  increase 
as  will  the  ability  of  U.S.  antiair  warfare  (AAW)  £>stems  to  engage  stealthy 
threats.  Low  observability  may  enable  Navy  attack  aviation  and  strike 
warfare  systems  to  operate  with  less  need  for  fighter  cover,  while  increased 
stealth  on  the  part  of  attacking  systems  will  require  more  close-in  defense 
of  the  batUe  group  and  the  carrier.  Defense  at  long  range  could  come  to 
depend  on  any  of  several  alternatives.  The  latter  might  include  ‘forward 
pass  missiles  that  can  be  launched  by  fighter  aircraft,  attack  aircraft,  or 
ships  and  submarines,  with  terminal  targeting  by  tactical  combat  or  advanced 
surveillance  aircraft  in  Uie  target  area.  Any  of  these  possibilities  can  affect 
the  form  and  composition  of  the  carrier  air  wing,  carrier  self-defense,  and 
the  distribution  of  battle  group  AAW  and  ASW  defense  in  successive 
generations  of  systems.  The  ships  must  be  designed  with  flexibility  to  accept 
the  variations  as  the  need  for  them  arises.  “ 


6 

CARRIER  SYSTEM  TECHNOLOGY 


u-ith  ,h^HCann0t  t3lk  ab°UI  fu,ure  Carr’er  system  technology  without  dealini 
w,th  the  design  and  operational  issues  the  technology  poses,  and  one  cTnno 

n  thC  'V'Uh0Ul  having  had  some  exposure  to  the  technology 

n  keeping  utth  the  terms  of  reference  of  the  study  this  0^2 

witrsrsr-sr  —  ““ 

The  key  areas  of  technological  advance  that  will  affect  the  carrier  svstem 
over  the  next  fesv  decades  are  summarized  below  in  Tables  6.1  through  6  7 

toVnf  ^  *?  thC‘r  Slgnificance  are  elaborated,  and  they  are  discussed’ 
m  Volume  II.  No  attempt  has  been  made  to  be  complete  since 

j“™  SSL 

have  influences  that  conflict  with  each  other.  Mention  of  a  terhnninZ 
““pan“ « 

.1  through  6.7  is  simply  to  convey  information.  Costs  are  not  included 
here^important  cost  factors  are  treated  in  later  discussion 
.  Potation  in  these  tables  concentrates  on  the  possible 

Sr  Z  3  ,h3t  °°uld  havc  a  siSnifican'  impact  on  carriefTystem 
design  and  operat.ons.  T he  critical  concerns  raised  by  both  owS 

environment  and  technology  trends  are  discussed  in  the  subsequent  Actions8 
aircraft ^nrMh C3mer  8  thC  primaiy  conceni  of  stuty,  the  carrier’s 
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CARRIER  DESIGN  DRIVERS  AND  IMPLICATIONS 


There  are  three  main  classes  of  "drivers*  of  future  carrier  design: 

1.  Trends  in  aircraft  technology; 

2.  The  need  to  enhance  survivability  of  the  carrier  in  its  future 
operating  environment;  and 

3.  Other  technological  advances  that  can  make  for  significant 
efficiencies  in  carrier  s>stem  design,  that  can  mitigate  the  adverse 
effects  of  the  above  two  "drivers",  and  that  can  lead  to  new  carrier 
s>stem  concepts. 

These  design  drivers  and  the  questions  they  raise  for  carrier  design  and 
operation  are  discussed  below.  Several  different  kinds  of  carrier  designs  that 
might  be  conceived  to  resolve  the  critical  questions  and  to  capitalize  on  the 
new  technological  opportunities  are  presented  and  discussed  in  Chapter  8. 


TRENDS  IN  AIRCRAFT  TECHNOLOGY 

Trends  in  aircraft  technology  determine  the  size  and  design  of  the  flight 
deck  and  therefore  determine  much  about  the  size  and  design  of  the  carrier 
as  a  whole.  These  trends  are  moving  in  three  directions:  increased  size  and 
weight  of  CTOL  aircraft,  enhanced  performance  of  powered  lift  aircraft  and 
increased  versatility  and  utility  of  unmanned  aerial  vehicles. 


Size  and  Weight  Growth  of  CTOL  Aircraft 

The  total  weight  of  the  carrier  aircraft  complement  depends  on  the 
composition  of  the  carrier  air  wing  and  on  the  size  and  weight  of  the 
individual  aircraft  within  it.  Total  weight  can  be  taken  as  an  indicator  of  the 
average  trends  in  aircraft  design  through  the  yean,  it  began  to  grow  with 
.he  advent  of  jet  aircraft,  from  about  1  million  lb  in  1950,  before  the  fint 
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S'SS-  - *"  "•» 5  “> "  ■»  ^  only  vefy 

5K  S?J5  r  : 

fits  under  the  26.5-ft  ovrrh^H  nf u  a,rcraIt  ,s  !he  E-2C;  it  just 

are  the  next-generation  fighter  attack  aT^^'/016""31  61,1116  drivers 
aircraft.7  The  fighter  and"  A  ym  a?i, J  advanced  tactical  support  (ATS) 

percent,  stressing  the  currenupSSonl'?6  fac,ors  by  a  fe* 

«hat  some  configurations  of  a  single  ATS  aircraft^iPhlT"  ”U,es  ,ndiCa,e 
envelope  but  that  it  could  have  Snifirin,?  .  E  ay  WUh,n  ,he  E*2C 
than  the  F-14.  Depending  on^ihp  r  r  * ^ lakeoff  or  Ianding  weights 
support  aircraft  «  ^ 

combat  loaded,  with  landing  weights  up  toVoomh^  ,°  lb’  ^ 

have  grown  in  weight  during  their «22r  i  H'st°rically,  all  aircraft 
to  expect  this  trend  to  chance  o  ^  •  V™*  W°uld  **  no 

models  of  the  new  aircraft  would  increase  throTch  suat"'^^3'^  ^  'n“ia! 
The  current  design  limits  for  catanults  art?,  fih  successive  improvements. 

s%r,°“rair *  s  ?o  »s* s,orage 

outer  air  STASIS  l™  T"  "***  and  fM 

Another  driver  is  the  neS  foMncrUJ  ,  ?  ‘hat  direc,ion  emerges, 
the  need  for  sensors  and^eaDoi^^2tP^K  ’  br°Ught  about  main|y  hY 
concern  are  radar  antennaT“L^  "  S,“,thy  sys,ems‘  °f  *P«*»I 
some  of  the  EW  and  electronic  intelligent  (ELINTvL0^*^  ‘hreatS’ 
and  strike  warfare,  and  sonobuoysand  wea?oiffor^w,Pment  f2[AAW 
ATS  function  heavily  influences^this  tret^P  Addtgto1ht»mpI«t^of  the 


n«d  for  an  aircraft  to  replaced  ‘  ,he  deC3dc  2000  lo  »M.  and  ,he 

dea.  with  such  aircraft  earty”  thdrlttlTuV,-  T  *>»  »*ve  to 

the  alternative  approaches  discussed  in  this  report  or  otta^*  *re  modir,ed  *V  *°™e  of 
tactical  support  (ATS)"  is  used  here  to  connr^oT'r  ^  «PPrcaches.  The  terra  "advanced 
•event— that  will  be  acquirrtto  ^  ^unc,lon  **  we®  **  lny  new  aircraft-one  or 
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design  problem  lor  this  aircraft  has  been  the  desire  for  a  single  airframe  to 
carry  out  all  the  support  functions  (which  also  include  midair  refueling  and 
COD),  to  reduce  the  number  of  airframe  types  aboard  the  carrier,  and 
thereby  to  ease  acquisition  costs  and  maintenance  burdens. 

To  adapt  to  the  coming  prospect  of  aircraft  growth  and  its  effects,  some 
adaptation  of  carrier  and  aircraft  design  and  operations  will  be  necessary: 
the  carrier  can  be  changed  within  the  NIM1 TZ -class  envelope;  aircraft 
landing  speeds  can  be  reduced;  the  carrier  can  be  made  larger;  or  significant 
functions  that  are  drivers  of  the  growth  can  be  carried  out  in  a  different 
manner. 


Solutions  to  Aircraft  Size  and  Weight  Growth  Problems 
Adapt  to  Current  Trends 

Although  the  specific  ATS  concept  of  a  multipurpose  airframe  for 
tactical  support  missions  has  not  yet  proven  acceptable,  the  factors  that 
make  for  larger  aircraft  for  the  missions  remain.  It  would  be  very  desirable 
to  stay  within  the  NIMITZ-class  envelope  to  keep  ship  costs  down  and  to 
avoid  exceeding  the  bounds  of  port  depth  and  drydock  facilities.  Current 
aircraft  gross  and  landing  weight  operating  limits  of  the  carrier  can  be 
extended  by  a  number  of  means. 

Catapult  capacity  can  be  enhanced  to  enable  launch  of  aircraft  up  to 
100,000  lb.  An  increase  of  -15  percent  in  the  wind-over-deck  requirement 
for  launch,  together  with  an  added  50  ft  of  catapult  length,  could  enable  a 
100,000-lb  launching  weight.  A  modest  skijump  (e.g.,  14  in.  high  and  42  ft 
long— Table  6.4)  added  to  the  forward  edge  of  the  flight  deck,  forward  of  the 
catapult,  would  significantly  reduce  the  need  for  these  steps.  There  may  be 
some  question  as  to  whether  this  addition  would  interfere  with  aircraft 
handling  and  parking,  but  extending  the  catapult  would  also  mean  moving 
the  jet-blast  deflector,  and  so  would  start  a  chain  of  desip  changes. 

Enough  additional  landing  length  (100  ft)  for  an  aircraft  12,000  lb 
heavier  than  the  F-14  at  landing  can  be  made  available  by  eliminating  the 
forward,  fourth  wire  of  the  arresting  gear  system  and  allowing  a  longer 
runout,  to  the  limit  of  35  ft  from  the  landing  deck  leading  edge  that  is 
accepted  on  the  FORRESTAL,  compared  with  95  ft  on  the  NIMITZ  class. 
To  reach  an  80,000-lb  landing  weight,  the  landing  speed  of  the  aircraft  would 
have  to  be  reduced  about  7  percent;  this  might  be  done  by  elaborate  wing 
flap  design  and/or  vectored  thrust,  as  described  in  Table  6.1,  but  at  a  penalty 
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io  !?£ IS  J  co«M  be  as  high  M  10 

wouM  allow  nore  deceleration  in  sfoSinS  ,Ch  ,hC  Navy is  moving) 
could  accept  the  added  load  Eliminating  I  !'rCraft’  Provided  the  aircraft 
require  means  (such  as  a  "smart  h^  k  '  w!  ^  arTes,ing  w1re  could 
aerodynamic  controls  for  more  precise  °l  ’SmarI’ ,hrust  and 

any  significant  reduction  of  hwk  encacemen  k  T  ?• ‘°  C°mpensa,e  for 
especially  in  adverse  weather.  2  2  6  *  Probablll*y  during  landing. 

Restrain  the  Weight  of  Combat  Aircraft 

aircraft  siz^nd^eight'grl^The  dLfie fo*' T'  fa  lerms  of 

performance  also  a  (feels  the  size  and  wei>hf  range  and 

combat  aircraft  being  contemplated  This  ln  ey^f6  genera,ions  of 
carrier  launch,  support,  and  recovery  fadtiTJ,  Pf“SUre  on  ava''ab!e 
of  these  aircraft  can  be  constrained  hv  !  We,L  The  size  and  weight 
complement  of  the  aircraft.  Such  chanees^™6  Cha"geS  in  lhe  weapon 
need  for  internal  weapon  storage  to  rSiTradTT  gCd  2"y  Case  by«he 
«  to  let  the  aircraft  grow  to  carrv  „.Si«  .  d  observability;  the  choice 

k*"003''0"  °f  ^ s isist,'?1*’  °r  ,o 

The  allocations  between  fuel  and  w«™  ^ d  fueI  for  range. 

envelope  would  have  to  be  viewed  differ^  •"  the  range  and  payload 
and  large  weapon  loads  less  fo^ntSaS *  “S,ng.Suided  weapons  more 
not  necessarily  an  adverse  penalty  be^uS  IS?  per  Sortie-  nis  « 
would,  in  any  case,  lead  to  greatS  economv  of  ChangC  “  WeaPon  m« 
targets  (which  constitute  the  vast  mainrih,-/  . f  force  aSainst  concentrated 
fr^-fall  weapons  in  large  numbers  for  strike  '  ‘?plieS  guided  ra,her  than 
although  individual  weapon  cost  would  Ana,yses  show  that 

time  to  destroy  a  target  complex  would  he  T’  overaI1  system  cost  and 
for  "revisit"  sonies  and  reduod  aircraft  i  made  °wer  b-v  ,he  reduced  need 
static  or  fixed  targets  were  attacked  using  stand^i/3”10113^  if  many  of  ihe 
area  bombing  of  some  targets  with  fri  fej  63150"5-  ^■^n' 
bombing  is  needed,  might  have  ^  weapons,  for  which  such 

LINEBACKER  II  campaign  of  ^  means’  85  did  the  B-52 

strikes  against  the  Iraqi  army  during  the  air  ^  ,.n  Vietnam  or  the  3-52 
Storm.  H  my  dUnr,g  ,he  air  campaign  of  Operation  Desen 
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Increase  Ship  Size 

If  such  adaptations  prove  unsatisfactory,  and  if  it  is  still  essential  to 
allow  the  aircraft  to  grow,  then  the  ship  will  have  to  grow  as  well.  An 
80,000-lb  aircraft  landing  at  150  knots  needs  a  500-ft  runout,  compared  with 
the  340  ft  available  today  and  the  440  ft  that  can  be  achieved  as  described 
above,  leaving  an  additional  60  ft  to  be  gained.  The  angled  landing  deck 
cannot  be  extended  without  extending  the  flight  deck  length  as  a  whole  (the 
angled  deck  can  be  no  longer  than  three-fourths  the  length  of  the  full  flight 
deck)  without  raising  the  questions  of  stress  limitations  due  to  slamming  in 
high  seas  and  crane  clearance  in  the  present  building  docks. 

Ship  designers  have  indicated  they  would  be  most  comfortable  with  an 
additional  100  to  125  ft  of  flight  deck  length  to  accommodate  the  new 
designs  they  are  seeing.  Ordinarily,  other  dimensions  would  grow 
accordingly  to  preserve  the  same  hull  shape,  leading  to  a  ship  displacing 
about  135,000  tons.  (Ship  growth  could  also  be  required  by  extension  of  the 
passive  torpedo  defense  structure,  described  below  in  the  section  titled 
Survivability";  the  growth  for  that  purpose  would  provide  more  than 
adequate  space  to  handle  the  largest  CTOL  aircraft  foreseen.)  It  might  be 
possible,  however,  to  extend  the  NIMITZ-type  hull  by  100  to  125  ft  without 
changing  other  dimensions.  This  would  lead  to  a  ship  displacing  105,000  to 
110,000  tons  with  a  slight  decrease  in  speed  (one  knot  or  less),  but  it  would 
lead  to  survivability  benefits  to  be  discussed  below.  All  of  this  implies  a 
■stretched  NIMITZ"  or  a  new  class  of  ship,  in  which  it  would  also  be  easier 
to  incorporate  many  of  the  available  signature  reduction  measures  and  other 
engineering  advances  discussed  below. 

It  is  important  to  remember  :n  this  connection  that  any  new  aircraft  that 
would  otherwise  force  growth  in  new  carriers  would  also  have  to  operate 
from  the  remaining  NIMITZ-class  ships.  Conversely,  if  the  carrier  were  to 
grow  for  other  reasons  it  could  accept  larger  aircraft,  but  the  NIMITZ-class 
ships  would  still  have  to  be  served. 

If  the  need  for  aircraft  and  ship  growth  were  accepted,  this  would  mean 
that  the  new  aircraft  systems  would  have  to  be  timed  to  meet  the  first 
mid-term  carriers,  in  about  2005  to  2010.  Realistically,  at  this  point,  only 
the  later  ships  in  that  group  (those  commissioned  after  2010)  could  be  slated 
to  receive  ab  initio  an  aircraft  whose  development  could  not  be  started  until 
1995  at  the  earliest  If  the  new  aircraft  were  too  large  to  operate  from  the 
NIMITZ-class  ships,  it  would  operate  only  from  the  larger  mid-term  ships, 
and  some  solution  would  still  be  necessary  to  extend  the  combat  capability 
of  the  NIMITZ-class  ships.  That  might  be  done  with  a  lightened  version  of 
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?*  ,h£  ai™«  -o-M  ^ve 
only  from  the  new  carrier  It  rnipht  h™  • tC .®row  in,°  a  vcrsi°n  operable 
*»  '»  «»  casM.  in  vSJ  o! ,K,S,  -A*, 

"eight  of  the  AEW  radar)  leavino  ,  a  -«■ ATS  a,rcraft  des'gn  drivers  (e.g., 
different  carrier  air  wings  ’  S  dlfferent  overan  combat  capability  in 

Increase  Reliance  on  Onboard  Surveillance  and  Targeting 

,hc  «*r  air  wing  to 

on  ofiboard  surveillance  and  targeting  systems^1"1*™1115  “  l°  rely  more 

and  defensive  bank  spa« SeSJh  mT  the  Carrier’s  offensive 
of  the  ATS  aircraft  is  limited  then  theaS  accommoda,c  inct easing  weight 
shift  some,  and  perhaps  much,  of  its  relian.w''^  B  ^ ,he  battle  grouP  to 
data  from  onboard  to  ofiboard  information  souIcS™113"06  *nd  tars2tinS 

that  the  offboard  isets^spa^aftand  “  ,he  endurinS  concern 

unmanned)  will  not  be  available  when  needed  "if^^  aircraft’  canned  or 
the  direct  control  of  the  battle  grout)  erttt/  ?  asscls  were  kePl  u"der 
to  the  battle  group,  no  matter whei^IS^T nVhCni  '°rganiC' 
extensive  onshore  and  even  SDace  are  based-  then  he  would  "own" 

control  would  be  greatVe  JaSd  a^  ^  and  *“«■  His  sPa"  of 
regional  CINCs  and  sometimes  with  mher  f*  C°.rnmand  relationships  with 
worked  out  Also,  a  1988  classify mifht  haVe  10  ** 
showed  how  the  needs  of  the  tactical  m  f  thl e  Def^«se  Science  Board 

&zror?;L™ may  * und2r  «he  pS 

support  can'S  ,0  ofiboard  aircraft 

reasonable  range  of  the  carrier  operative?  are  WIthin 

large,  shoncomings  associated  with  Xfeir tS  J  ?' “?•' d,Stances  ^"te 
endurance  will  become  importanbftt  ackHrion^airr^ift  ]*m,ted  range  and 
size  might  be  needed  to  provide  the  necessarv  ™  Ircraft,neels  of  substantial 
require  seven  aircraft  in  the  force  to  ensure^thaf^^iuf  examPIe’  ‘t  could 
provides  24-hr  coverage  to  a  battle  S  ,hat  one  AWACS-type  aircraft 
from  the  aircraft  base,  Pe rating  in  ocean  areas  distant 

Space  systems  hw  b^Mte^bSelhC  Un'1"^6  °f 'f6  surveii,ance  assets. 

above.  Unmanned  high-altitude,  long- 
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«  lightcr-than-air  ca* 

antennas  10  detect  ta'aSs” mbk'tartcB  '"tiI?  ”  d“,rea 

indefinite.  They  must  operate  at  fairhS  i  P  endurance  can  be 
them  more  likely  to  signal  the  presence  of  the  however-  which  makes 
them  vulnerable  to  damage  or  toss  in  h  b  Je  f°rCe’ and  which  makes 

have  'sit*  °ut  as  a"  °p,,on  f°r  ‘»>is  s  For  this  reason  they 

in  terms  of  tong-^rm^liab^ity^IdThly  rouM  beT^™  T  bUi,‘ t0day’ 
in  such  a  way  as  to  be  available  to  jbh  Z  c  Pe  desiSned  and  operated 
commander  at  al?  ,7m«  Te  S ^ ™  C°n,ro1  of  ,he  battle  group 
preclude  carrying  radars  able  torcolve  ilhIT  m  $UCh  a,rCraft  vvouId 
tracking  stealthy  aircraft  and  missiles  below  some  7°^™  °f  de,ectinS  and 
threat  detection  problem  woS Z L "Signature  thresholds.  The 

otfboard  systems  could  detect  and  track^h!!,^  part,tloned  suc*>  that  the 
those  below  the 

those° *  the  carter! 

Tfce^HALE  ^  *.n®or!na,t'°"<*®r  th^sclf-defen^s^tem^ 
first-generation  Fu  t  ure*  gen  e  ra t ions^of  HALE6  “  Jpresem  a 

“ the  lar£e  transport  airS  2 tr^Z  bS apw  beC°me  *  hea^ 

sssysj? the  re,iabni,y  the  *«  0^  syjsfs 

S  Z” and 

if  necessary.  °e  Iaunched  by  ships  in  the  battle  force 

critiS' »  SpS £*em to L“  * If  *  w.  deemed 
could  be  decided  to  achieve  the  b  JtfcS.  ^7  tha"  the  NIMrrz  class,  it 
support  capability  within  U^sco^S^m™"1  survei,iance  a»d  other 
Shortcomings  of  those  systems  con °f  a‘rframes  ,ha*  suit  the  ship, 
the  oflboard  assets;  this  is  done  to  a^sietofiJm  17  augmen?in2  ‘hem  with 
desired  to  shrink  carter  size  fas  in  one  n?fl  d  gree  ,oday-  If  it  were 
0»P'er  8),  end  i,  ,n,  <£££%£ °”'i°"S  pres*“  “ 
critical  element  prohibiting  that  more  or  V  aircraft  were  the 

to  be  shifted  offboard.  S  ’  os* of  u,e  capability  would  have 


*  Lift  Aircraft 

h,er/IiSht  a"aCk  aircraf‘ 

Wth  ‘""eased  thrust-to-weigh,  ratios  tk ’  *  C0!l,,nu,nS  ‘rend  to  engines 
®  part  t0  make  the  range-  and  Saturer^  Cng,nesuhave  “<*"  developed 
cnnse  without  afterburner  fcasib  e^n  Sn^H  !*  bene,te  of  suP^onic 
P.n  in  thrust-to-weight  ratio  is  turned  Sward  S-C°n,bat  aircrafl'  If  «J*e 
of  a  combat-loaded  aircraft  and  venil  hna  ?  "g  rCducfid  takeoff,un 
“7ba‘ load  is  expended,  the  resultS  STOVL  d  3"  aircrafl  aft"  its 

an  LHA  or  LHD  as  the  AV-8B  does  tcxtav  nrV'  d  gn  C0uld  °Pe'ate  f-om 
enough  to  accommodate  the  modest  takeoff  n  fT°m*ny  0Iher  P^tform  large 

today’s  rules  of  safety  'and  risk  “^SJV  S‘ngIe'enSine  version  under 
percent  penalty  can  be  accommodated  bv  lndica,ed’  m^est.  The  5 

TrS’  3S  ha,S  ***"  desCfibed  for  the  advanced  crnt  a,Ioca"on  of  the  useful 
Today  s  rules  for  single-engire-out  rvrfn  CTOL  e°mbat  aircraft,  above 

T'f  wm-CTET?  *?* ,aM «- 

Penalty  to  an  unacceptable  20  percent  Th-  *lTC!aft'  leasing  the  weight 

a  'f'er..twn-en£‘ne  aircraft^  this ^nd^hv **,  allevia,cd  ‘oachifve 
cross-shaft, ng.  The  risk  of  losing  an  aircraft  the  ruI«  for 

J  a  critical  time  would  then  belncreased  whnV.°/3IUre  °fa  sinS,e  en£‘ne 
-ngine  aircraft  at  another  tim*  ni  •  ’  bl  e  ‘b®  nsk  of  losing  a  single 

trade-offs  would  have  to  JTei™2  a  mi$Si0n  W0U,d  *  ft 

preceding  acquisition  of  such  an  aircraft  ^  part  of  the  design  analysts 

°i h3Vlng  an  aircraft  ‘hat  can  perfom  dTf  ****  We'shed  aSai"st  the 
parts  of  the  fleet,  perform  different  missions  in  different 

Ship,  lhe  STOVL  aircraft 

battle  force  to  contribute  to  the  a?  deS  b  **  35  part  ofa  mi*ed  carrier 
as  fighter  support  for  amphibious  landing  TTJ*  ^  !arge  earri«.  a^ 
fighter/attack  aircraft  could  operate  ind^L"  ?  sma,,er  earner  with  STOVL 
the  fun  attack  and  defense  capabil  tt  of S  i'"  y  in  SCenarios  no‘  needir.* 
additmnal  protection  when  nn?c  II  «*»  «** 

would  also  need  support  by  ofiboard  a«/,.  °f  PDG*5l<lass  ships.  It 
and  EW  support,  of  the  same  kind  that  wac  ^  SUrVei,IanCe’  rec°nnaissance 
(>t  could  be  supported  to  some  .  discussed  for  ,he  large  carrier 
unmanned  aerial  vehicles  [UAVs]).  "  *"  ,hese  m‘ssions  by  onboard 
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The  aircraft  could  be  especially  useful  on  a  large  carrier  as  well  It 
would  offer  the  advantages  of  more  rapid  flyout  to  meet  incoming  threats 
of  being  able  to  operate  from  flight  decks  having  bomb  damage  or  atapuh 

operariSrafJ^  °UlaeeS  dUC  ‘°  damage- and  ofbeinS  able  to  sustain  high 
d£k  al  onS  £  m°IC  ,ha"  °nC  SUCh  aircrafl  could  ,and  ‘he  large 

The  high-performance  rotorcraft  listed  in  Table  6.2  can  be  considered 
2*  "  P"*  tt-  Ud  part*  helicopter.  AJtho^  S 

designs  of  such  aircraft  would  entail  some  penalties  in  comparison  wiih 
helicopters  in  hovering,  and  all  of  them  would  pay  some  Srfoma^a 
penalty  in  companson  with  conventional  fixed-wing  aircraft  in  foulard  flight 
th.  combination  in  one  machine  would  offer  many  compensating  operational 
advantage  They  would  be  considerably  more  effident  ffi  ? 
slow-speed  flight  than  would  fully  fixed  wing  VSTOL  or  STOVL  aircraft 
and  they  would  be  considerably  more  effiden,  in  horizontal mTSS 
helicopters,  they  would  be  espedally  useful  for  ASW,  from  larger  small 
They  wouW  j  J  lar«er  payload,  speed,  and  range  than  helicopter 
f  ™ng  m°rc  tearch  arca-  more  sonobuoys  and  weapons,  and  more  rapid 

supjrianrthe  riimfTdesigned^ forthe  ASW  \ ^t*of  the^Ssefiinctinn°Tliqr 

nerf^a„^ila?ili,y  ?  ““  STOVL  fi«h,er*  ‘<>g«her  with  the  high- 
WOU'd  make  P^'b'4  a  smaller,  albeit  less  capable 
arner  option  that,  in  a  mix  with  NIMITZ-dass  and  rabsequent  large  Sire 
could  provide  a  high  degree  of  flexibility  to  the  carrier  fb?ce  as  a  whole  Sr 
should  not  escape  notice,  however,  that  the  gains  in  fleet  flexibility  and  am, 
jorww/ jamgj  in  initial  ship  cost  from  going  to  the  smaller  catSr  must  Z 
the.cost°fdeveloping  these, u  aircraft.  The  ship  cost 
*e  ,  matler  CanUr  WOuU  *  ti&fiMntfy  highJr  than 

b?ZZfid*£l  J'f‘  ^  CanUrS-  'he  oiTCraft'  tU  other  hand,  can 
dJZlThJ™  f^nantm<apabk  so  that  their  acquisition  condone 
should  be  considered  separately  from  that  of  the  ships. 
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SURVTVABILITY 

treats  And  Directions  for  Solution 

sis SS-SSsS*" 

for  weapon  delivery  a  r*r*-  .  In  ^elect,ng  the  carrier  and  >n  ** 

mmmwms 

SvS5S?rrS?S£S5 

2Tf  “*"*•  «  <£!££?  2*  *"* 

defense  of  fhi»  rk-  corners  defensive  k^hu  *  or  some 
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Protection  of  the  carrier  includes  both  passive  and  active  defense. 
Passive  defense  includes  reduction  or  complete  modification  of  the  carrier’s 
signature  to  make  targeting  and  weapon  guidance  more  difficult,  and 
increasing  the  ability  of  the  carrier  to  resist  damage  and  to  recover  from 
damage  if  it  is  hit.  Active  defense  includes  intercept  of  threats  by  the 
carrier’s  own  aircraft  before  threat  aircraft  and  submarines  can  launch  their 
weapons;  defense  by  offboard  AAW  and  ASW  systems  that  may  be  part  of 
the  battle  group  or  that  may  be  more  distant  and  under  other  (battle  force, 
joint,  or  unified)  command;  and  ship  self-defense  against  incoming  missiles 
that  may  leak  through  or  are  launched  from  inside  the  aircraft  defense 
perimeter,  and  against  torpedoes. 

The  various  approaches  to  defense  of  the  carrier  are  taken  up  in  turn, 
below.  The  integrated  effects  on  carrier  design  are  then  considered. 


Passive  Defense 

Detectability,  Signature  Reduction  and  Modification 

A  carrier  has  large  signatures  in  several  domains.  Radar  signatures 
derive  from  the  shape  of  the  carrier,  the  presence  of  resonant  cavities 
opening  to  the  outside  of  the  ship,  and  the  presence  of  aircraft  and  support 
equipment  ("yellow  gear*)  on  the  flight  deck.  There  are  infrared  signatures 
from  the  many  heat  sources  on  the  ship  and  its  air  complement.  The 
turbulent  wake  of  the  carrier  is  long  and  subject  to  detection  at  long  range, 
including  from  space;  the  wake  from  the  bow  and  stem  waves  can  be' 
similarly  detected  by  appropriate  techniques.  Much  carrier  activity  and 
onboard  machinery  including  catapults,  and  ship  propulsion  systems 
including  propellers,  create  recognizable,  carrier-specific  acoustic  signatures. 
Electromagnetic  radiation  from  radars  and  communications  associated  with 
air  operations,  battle  force  operations,  onboard  operations,  and  ship  defense 
can  enable  detection,  classification,  and  location  of  the  ship. 

Current  carrier  radar  and  acoustic  signatures  are  so  large  that  location 
of  the  ship  and  weapon  guidance  against  it  are  easily  feasible.  It  is  possible 
by  appropriate  design  and  treatment  to  disguise  the  radar  signature  of  a 
carrier  (e.g.,  NIMITZ  site)  to  make  it  more  difficult  to  distinguish  from 
other  ships  and  to  facilitate  decoying  and  masking  by  chaff  and  other 
electronic  countermeasures  (ECM).  Aircraft  and  equipment  on  deck  could 
contribute  to  radar  cross  section  (RCS)  in  some  unknown  degree;  it  is 
possible  to  mask  them  from  viewing  at  low  angles,  but  they  would  be  visible 
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**”  »“'% '» begin 

~  again*  2SSf“  ““*’  ““  * 

propellers.  Cirterpro^ie^desJim  IT*  acous,ic  siSnature  are  the 

Modern  design  *««**■ 

cavttation  speed  and  reduce  the  acoustic  sSur7  Eleiri^  ^  ,hC 
motors  and  propellers  in  nod«  «,n„iH  r.  .. g  •  UrC'  E  ectnc  dnve  with  the 
by  aligning  the  propellers  with  the  n  *  ^  increase  ,he  Station  limits 
. h  ““Mi'S  SMI., 

«*  P'0p"lt'5 

are  suitably  designed  fand  reir^i  ,urbulenl  boundary  layers.  If  the  pods 
can  also  T1  T ,he  P°«M  P-opS 

amp.  proPU„„„s„,;pr^ ,s, sa“  rrua',ng  ,h' s"™  °f  «» 

would  reduce  visual  detectability  in  C  *°  ?**e  propellers.  This 

interference  with  ASW  systems.  The  fneasure’ and  11  would  reduce  noise 
WH  remain.  oT£S"PMn“  *  sld"  “crion 

a  well-designed  hull,  which  the  NIMrnz  *  VC  comPonent  °f thc  wake  of 
changing  ,„V hull tei™  ~>Uhl  *  b, 

*  1SSrn*S  d“l8"  <le- 1  SWATH  ana' SST  ^  *0ta*  “ 

apon  S31SC2^!S^<2£,&"re  rTre  “”»■«  »'  ‘O' 

Exiensive  use  of  high-TCak-nonvr  ang«  m  large  hrai  sources. 

current  designs,  and  therefore  are  easy  idenSi™  tT«  2„  £  f,que  “ 
appear  like  those  of  other  chin*  kJ  n®rs-  "“y  can  be  changed  to 
particular,  a  planar  array  electroniJu  other  shiPs’  radars.  In 

SPY-1  radar,  onboard  the  cirrierSi^""*1  **£**' b3Sed  °n  the  AEGIS 
functions  of  its  current  radars.  This  radar^b^Vndwran?  “f targCtin* 
tn  the  battle  force  combatants,  such  as the  A?r?c  I aWl  evo,ution 
DDG-51-class  destroyers  to  iU  «k.  !  AEGIS  cruisers  and  the  new 

threats.  Different  versions  are  lfkety  to  SeSt'a^'o  ***** 

a‘  ■“  -  *«  -  *«l?3Sr£Ka5 
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be  called  the  SPY-()  here)  could  fit  into  the  set.  The  remaining  radars 
needed  for  close-in  aircraft  approach  and  landing  control  could  be  kept  to 
low  enough  power  to  be  undetectable  from  over  the  horizon,  or  the  SPY-() 
could  be  made  to  carry  out  those  functions  as  well.  Use  of  an  AEGIS-Iike 
radar  on  the  carrier,  even  though  its  power  output  most  of  the  time  would 
be  lower  than  that  of  the  other  AEGIS  radars  in  the  battle  group,  would 
also  contribute  significantly  to  its  self-defense  capability,  as  is  indicated 
below.  Use  of  such  a  radar  at  full  power  on  the  carrier  would  require 
solution  of  serious  radiation  hazards  to  aircraft  equipment  and  personnel  on 
the  flight  deck. 

It  might  be  argued  that  any  ship  with  an  AEGIS-type  radar,  which  is 
easily  detectable  at  long  range,  would  allow  the  ship  to  be  targeted  easily 
and  would  itself  be  a  lucrative  target  for  antiradiation  missiles  (ARMs),  so 
that  not  much  would  be  gained  by  this  step.  However,  the  SPY-()  radar  on 
the  carrier  could  be  scintillated  in  a  cooperative  engagement  mode  with 
those  of  other  ships  in  the  battle  group,  with  a  time  constant  that  would 
make  lock-on  and  guidance  by  hostile  weapons  difficult 

Reduction  of  emitted  electromagnetic  signatures  due  to  communications 
requires  attention  to  antenna  design,  to  communications  doctrine,  and  to  the 
design  of  the  system  of  command,  control,  and  information  flow  in  the  battle 
force  as  a  whole.  The  technology  will  ultimately  allow  non-retroreflective 
planar  antenna  arrays  to  reduce  antenna  detectability,  and  LPI/LPD 
communications.  Judicious  system  design,  with  attention  to  controlling 
bandwidths  and  directions  of  information  flow  to  and  from  the  ship,  will  be 
needed  to  optimize  the  design  in  this  area. 

Overall,  the  amount  of  change  in  the  radar  and  IR  signatures  that  would 
be  possible  with  a  NIMITZ-class  design  may  be  limited.  Explicit  design 
studies  would  be  required  to  determine  whether  the  reduction  would  yield 
enough  in  facilitated  masking  and  decoying  capability  to  warrant  the 
expenditure.  Larger  ships  may  offer  more  opportunity  for  treatment  and 
redesign  to  reduce  radar  and  IR  signatures.  Propeller  and  some  machinery 
noise  and  electromagnetic  emissions  could  be  controlled  as  indicated  above. 
Design  and  construction  of  the  island  might  be  changed  to  reduce  its 
observability.  Such  changes  would  attend  installation  of  planar  array  radars 
(SPY-()  SQd  close-in  target  engagement  radar,  discussed  below)  and 
communications  antennas,  and  would  allow  significant  redesign  of  the  island 
to  reduce  vulnerability  to  the  effects  of  damage  as  well  as  ship  signature. 

Keeping  all  aircraft  inside  the  hangar  when  they  are  not  operating  would 
not  be  feasible  in  any  case  for  a  monohull  design  of  a  size  near  that  of  the 
NIMITZ  class  and  the  current  or  planned  future  air  wings.  (Operations 
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from  inside  would  require  incrpj»c/vi  ck* 

^th  changes  in  how  space  is  us^side^hrshiL3^™"^3'6  ,he  aircraft> 
of  ,he  size  of  the  air  wine-  anT!T  he  shlP;  P°ssibly  some  reduction 
including  their  use  in  heavy  weather  of  the  e,evators 

endangered  during  transfer.)  aircraft  and  personnel  could  be 

SSTs.mS"™  .0  a  ample, 

-~TS!TZt"4r  SS££ 

signature  is  different  from  that  of  a  1  l  re  of  ,he  ship’s  radar 
prismatic  "bridge*  between  the  pins  and  hi  •  A  semisu»>mcrsibfe  with  a 
ihat  of  a  NIMlTZ-class  ship  (roughs  nm  deck  25  ,ar^  as 

house  inside  all  the  aircraft  of a  cufrem  IJf0*  '’l250  ft>*  WOu,d  he  able  to 
foe  reduced  by  virtue  of  its  sma^STtlft.f^6  air  wi"*’  lts  ^teVold 
propellers  would  run  at  100  to  125  ft  in  demh  a"d  because  at  sea  the 
be  used  in  the  hulls  to  reduce  the  aroS^-  Submannc  technology  would 
and  machinery.  IR  and  electromayeTSS^’  inC,UdinS  Pliers 
“  Mmc  ^y  as  on  the  monohuh  Final?  TTT  W0Uld  *  handIed 
^  °m  ,mp'ta"k"“  f°'  <*•-*  ■*« 
Damage  Reduction 

lime  and  effort  nSi^Sronlrol^eT  *“  * °  3  hit’ and  to  reduce  the 

b?c°hn’  “h  *  madc  ia  ^ral  parts  oHhfsS^  PU*  ,he  sh,>  ***  » 

be  changed  to  reduce  the  number  of  lone  ComPartmentauon  can 

and  smoke  can  flow.  The  passageways  are  J^SCW3yS  ,hrou«h  which  flame 
if  ihe  ship  is  at  general  quarters  bunfire  a  T*  ,merruPted  by  closed  hatches 
®uld  propagate  rapid?  S  nn~  t  Smoke  staned  by  a  surprise  h* 

inconvenience  in  m^i„g  about r?K  r.SUCh  chanS“  could  beW,  ' 

2  *  «  rie  -  US' «— i  «s 

“do,her  soft  equipment,  would  ease  SS  combustion,  for  mattresses 
ch  ma,enals  are  available  today  perations  in  damage  control; 

*  »rmg  *«.«■»  *** - - 

£  SdVU,nCrab,<  p,aces-  Comport CnUcal  elements 
b«  made  more  penetration-resistant for  *nd'ceramic  "mors  can 

and 

”  ,ht 
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.*p£y  tub*  and  a, “  M““  *““»*  °> 

-  xrss  r  sri“  •  *- 

to  instrument  the  ship  so^hauLe  iSfn  1  ^  'arge  effect'  would  * 

can  be  determined ions  and  probable  extent  of  damage 
accompanied  XTsSy  inTerial  ^T-  ?*  would  «o  be 

disrupted  by  fire  and  cuMin«  a  .co";municatlon  network  not  easily 
distributed  through  the  ship  would  acm^  r  {’cd“ndanl  fiber-optic  network 
radiated  electro^e^^^^ 

communications.  Improvement  of  the  tools  fo^dSI!  °f  ““a™*1  radio 
such  things  as  facilitated  arc#><c  h*  ,  0r  damaSe  control,  including 
denial  of  oxygen  means  for  ranid  areas*  automatic  quenching, 

automatic  o,  mmo^Tm^  «alf  ®18-  °'  ,oMc  «*“■•  «'«,« 

iactuma*  appiicTo.  to  StS'S^tTma^  “  ^ 

efficient  and  effective  over  less  tim*  li,*? ?,W  .make  damaSc  control  more 
condition  would  also  heb  in  isolaiin  nstaaIlons  ,hat  monitor  the  ship’s 

the  system  would  pay  foNtself  bl  Krfo^n^111""®  main,cnance-  «>  that 
duties.  W  y  Performing  peacetime  as  well  as  wartime 

proteaion  throu^Tamiropriate  ^ smin^T  P?V,des  adeq“ate  side  torpedo 
bottom  protection  against^nderkeel  to^Ld”*1  design-  Adcquate 

by  the  combination  ofh^Lr  l^  i?^  has  been  inhibi,cd  thus  far 
of  inside  volume.  Permanently  shailS  °"  Sh‘P  draft  and  avaUability 

measures  like  dredging  to  enable  harbor  ern™  P,  requ,re  specia, 

with  enhanced  all-around  nvrtwaA?!.  .  °  preltminaty  ship  design 

1500-fl  length,  and  49-ft  draft.  1 3  215,000',on  displacement, 

opl« ""S.‘  Sblt‘’7,iSr,M'°J,^rt' “*  »'  “  uuderkeci 

•Up  m  «  sea  and  S»£  o  «•»  He 

absorbing  mechanism  could  cause  the  shiD  ipTm-3"'*  drydocks’  The  energy- 
displacement— about  50  fr  mnr^  hp,°  «row  considerably  in  size  and 

2fzr 

l~Uy  «*i  dm  opponnm* 
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would  increase  proportionately  to  the  increase  in  ship  size  and  with  the 
additional  cost  of  the  Protective  structures. 

increased  S,  b°,,°m  Stre"S,h  °f  3  NIMrra-class  hull  could  be 
d£nf.JM  the  "**  o{  arranging  the  magazine  space  by  reducing  its 
depth  to  gam  more  standoff  from  the  bottom  and  leasing  its  length  to 

.  f f  .^onie  the  volume-  Total  magazine  volume  within  the  NIMIT2 
class  hull  envelope  would  be  reduced  in  the  process.  However  sucha^d 
could  be  lengthened  to  accommodate  the  same  volume  without  increasinp 
£ «>  °<  •  *<W«  reduction  in  s^  ,„«  S'o' 
mri.mf  F  nhfr  Pr0tectl0n  would  require  modification  of  the  reactor 
mountings  and  some  of  the  drive  machinery,  but  smaller  reactors  (i  e  hioh<»r 
power  density  for  the  same  power  output)  would  li  neS  t  Sid 
tsturbmg  ship  weight  distribution  and  balance  Total  feasibilirv  and 

of  ,tese  ch”ses  M"ld  * ——  2W2 

submarine-type  hull  structures  would  provide  sturdiness  aofaSSK? 

SPSS'S  ,°?e  'nrb“,'m  mke  "W» 

.  f.  ncuIt  Reactors  and  magazines  in  the  hulls  would  make  them 
relatively  inaccessible  to  aerodynamic  and  ballistic  weaoons  Th<* 

they  imH'  be  made  resistant  to  the  effects  of  hits  in  their  sides’  tw 
he  mom  deck  space  for  aircraft  operations  and  for  Sde^S 
pons,  so  that  more  hits  on  deck  might  be  required  to  negate  flight 


Active  Defense 

air  dtS  and^w  “5"  begins  at  ,onS  ranSe>  with  the  multitiered 
air  defense  and  ASW  at  significant  distances  horn  the  carrier  and 

poup.  Reduction  In  ship  dcfecrabifi*  ,o  some  *  St 
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opening  up  the  battle  space  for  the  carrier  and  its  battle  group  giving  more 
taCTelv^5  defe"SIVe  aircraft  screen  and  to  the  offboard  defenses.  However 
that  advantage^  M  WeaP°ns  wi"  increasingly  negate 

ha„.eh£'based  dcienses  werc  ofnoaded  in  tnodem  carrier  designs,  and  the 
battle  force  was  dispersed  for  several  reasons  beyond  the  advantages  to 

kfmnTrf  °Pera.,10ns:  W  35  the  ran8e  of  defenses  was  extended  from  guns 
to  guided  missiles,  capable  modern  systems  for  area  defense  became  so  iaroe 
and  heavy  that  they  preempted  desirable  space  aboard  the  carrier-  (2)  as  the 
standoff  range  of  the  attacker  inCTeased  £  „  necessary  M^push  thearea 
defense  systems  (AAW  and  ASW)  away  from  the  came?  to  wver  a  Zt 

wh-reaTrcrTrauW  h?  ^  miSSi,e  s^,ems  in  a"  environment 

wh.re  aircraft  could  be  operating  when  the  defense  systems  had  to  be  used 

,'°he  P^05^'  of  undesirable  operational  interference  and  possible 
fratricide,  and,  (4)  dispersing  the  fleet  was  a  means  to  protect  its  elements 

S,  *“  3  Stagl‘  «*P<”  «*  BiWni  and 

to  the  future,  stealthy  attackers  including  sea-skimming  missiles  steenlv 

nusstles  able  to  urge!  the  ship),  end  torpedoes  launched  by  submarines 

afcST’tS  C  ASW  "l-B*  mow  active  drfenses  «  £ 
aboard  the  earner.  Ballistic  missile  defense  could  be  undertaken  from  the 

J™*  .0'  ?om  accompanying  ships  in  the  battle  group,  depending  on  the 
tactical  ballistic  missile  (TBM)  trajeaories,  on  detection  ranei  and  on 

KntL\n,!TfePiaItUUd  h  3nd  dis,ances  a«ainst  different  kinds  of  Warheads. 

mcommg  threats  become  faster  and  more  stealthy,  or  both 

I?”53  reqU‘reS  ,he  defendin8  ships  to  be  closer  to  the 
.J™  ^  W°rkS  aga,nst  the  desired  dispersal  of  the  battle  group  for 

“•  f  Urn  battle  group  moru  vulnerable  SS£ 

, dpth sps  to  other  weapons  of  mass  destruction.  In  any  case  the 

ZoeTdlrlr^  M  ««**  i»«t«pt  rtlt 

°”  lh'  =,mcr  against  the  main  threats,  lisied  above, 
weeded  near-term  improvements  include: 

•  Phalanx  Block  n  improvements  to  provide  capability  against  agile 

and  low  observable  cruise  missiles.  <«y  against  agile 

*  thro“sh  the  addition  of  the  Rolling  Airframe 
Missile  (RAM)  and  improvements  to  NATO  Seasparrow. 

In  tegration  of  self-defense  weapons,  ship  sensors,  and  hard-kiilAoft- 
fall  countermeasures  into  a  total  self-defense  system. 
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“fly  wanJng^^cSne  Xo  PhIa‘f0rms  in  ,he  ba»le  group  for 

wL»  ssssstr -*■  ^ 

•  Im'of  tl€  a“i2"OI  to  work  with  th22t"fd  °'  ,e*io"al 
Improvements  to  the  AEGIS  svst*J  h  th  bat  Ie  grouP) 

Provide  a  fta-jeaeraiion  n^ZZlT*  ““  to 

F  lty  a$a,nst  short-range  TBMs 

'  avaroh  am, 

•  r„“  xts  ™  s'“p'^  »r^,  kti^ir » »*« 

A  new  X*^nd  active  array  radar  fnr  ftctV  ATBM  ^^eads; 

.  tow.  fas,  miaste. 

p4SnTd' "mamm^S; ^?<^S«hai«al 

terminal  maneuvering  stealfhv  cruise  m-  -.°  ,ntercePt  low-altitude 
defense  against  tacttal  hallfati/ES®8*5  andt0  ?rovide  self, 
aunched  from  a  new,  small  vertical  i  miss,,es  would  be 

•  Z  ?  at  °r  near  «he  edge  of  th?Lrte"r-  bay  designed  for 

.  j?,e“*P‘  ,nClUding  means  *°  dCtect*  Ioca,e>  and 

described  for ^“J^*^**  afc£  *"?  ba"Ie  ^“P  defenses 
architecture  whose  features  ™dliff  "l10  a  mod“lar  design’ 
subsystems  so  that  the  defense  sw,em  if  Chan*e  of  "taj? 
m  the  threat  Sys,etn  ran  evolve  to  meet  changes 

tk  technological  a, a,. 
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SS'SS” ln  snb!°)””'  «*» 

musiles  wim  moderately  low  obscmbfesSv'd'”'53''’^''1””1”1"8 
through  the  outer  defenses  «TS^SpS  ““  “i"^8 

steel)  divers  underkeel  toMr^  froTo"^  Hplbil,W  similarly  improved 
*«**  ,ha" ,he  s,era;  - 

and  of  *? — -r*  ** 

5“  “  ,h"'  ^GIsTada'rTw 

tsr\£Z  sss  r^“‘r”"rt; 

considerations  of  the  carrieNtself.  independent  of  design 

m££L'%g  ZSS&LXT '***'  “P**  <■  a 

above  However,  ship  design  sfudte  toIim SSedS'S  *“  1"'"ne'1 
impact  on  the  carrier  design  itself  would  ri/»o  t  k  confirm  this.  The 
analyses  of  lola,  sP,em  S^TfigumS  ““ 


Unconventional  Weapons  for  Air  Defense 

brou^l"ZS„Tml^"5fo'rhn<,,08ta  mi8h'  Pb'entially  he 
special  auribmJXS,  mSSSL  '‘X""  f?MS'  «* 

ats  s  r xzzz  isrj£~  s 

submunitions)  could  in  time  P0115’  c“Cmical  weapons,  or 

and  missiles.  The  str^in,  m’„^  y  S‘rCSS  COnventional  defensive  guns 
large  kee£ut  ™g£3uT ZeTcZT^  baUle  W  need  for 
of  the  atScking  * d££ susceptibility 

threat  growth  exist  today  but  the  rH™.  a»  e  !“h",caI  antecedents  for  this 

determined  largely  by  economic  and  DolitLTfo!^  lhrea‘ <?eve,0Ps  ^  be 
emerge  more  slogan  ZZ  V^bly 

alone.  However,  it  is  not  iirorobahi/tw  °m  ,CC^nica  considerations 

be  needed  soowr  0“  Z££ SfSf ,cchn0,0£es  will 
or  later  in  iu*.  time  period  being  considered,  either  to 
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Unconventional  weapons  as  use*  h,™  •  .T" 
employing  directed  enerev  nasers  hint,^  h  C’.  lnc,u<le  noveI  weapons 
beams);  radial  extrapcStio^ nt*  ®h'P°wer  m,crowaves-  barged  panicle 
hit-to-kill  guided  projectiles  launcherf'^n!10^1  We3p0ns  (h>perveiocity, 

Dirccted-enerev  weatins  hl^n  F l  (C0Rlpact  and  ve0'  low  yield), 
stressed  bv  target  evasive  m,np  S  negllSlbIe  flyout  time  to  target,  are  not 
detection  LST  lT, w^  “I  ,aa  "> 

directed -energy  weapons  and  could  tem  m°St  advanced  ^ncty  of 

if  the  need  were  urgent.  However  since  the  ,nt0 '  enSmeering  development 
course  is  to  refine  the  technoloev  in  h™*  1S  n°l  urgent’  a  P^ent 
superior  alternatives  in  the  future  Lav«  ^  '°  3SSeSS  'he  prospects  for 
targe,.  This  conditions  ofrenTet  S  \TZf  °f  si«H 

not  met  with  high-anele  tare->ts  Th^e  *  °  l  ude  ,ar2ets-  ail(f  often 
weapons  are  evasively  manem^rinJ-M  *?r^ets  ot  Srea*s,  relevant  ,o  laser 
i-e.,  targets  that  stress  the  kinetic  fnsetn^'1'^  WUh  non-|,uclear  payloads, 
impose  a  large  keepout  range  ^  °  SU"S  3nd  m,SSiles  but  do  not 

are“?enS^^ 

Target  susceptibility  to  HPM  varies  greatl^Strrarge?dSren'k'IliWearnS' 
parameters  of  the  HPM  weapon  itself  Pr.wt  *?  f  *  design  and  *“*>  ‘he 

s»*  *  may  be  available  XX!v  ZXST* °,,he  teie"- 
major  advantage  in  enmn^v,  *  ^  0llferated  target  missiles,  can  be  a 

susceptibility  to  determine  if  any  mSiti^irisl'lh",  an  te'T'  2“®“ 
compact  weapon  designs.  3  “  CTSt  that  an  **  ^plotted  with 

Charged  particle  beam  weapons  fCPBWt  ran  h»  •  j 
substitutes  for  conventional  weaivws  **  ^  “  potential 

all-weather  apability  and  no  nrartirai  Cywou  d^ehard'kill  weapons  with 
attack  has  yetbeen^conceptuali^ed  t mSanS  of,hardeninS  against  CPBW 
ultimate  air  defense  weapon  Howler  prjncjp,e>  these  would  make  the 
beams  ,»  asefo, 

weight  of  effective  weannne  tLCM«  ^  to  ^  and  the  size  and 

be  prohibitive.  For  these  reasons  °CPBV^m  acceIerator  technology  would 
deployable  weapons  InS  »To“'„£?™  ZT^nln “ 
may  emerge  la  ,he  long  ,e,m  as  the  weapon  of  choke  “  P“'S”ed  “"S' 

sferSSS^X. STto  <MaCh  “  “*  ■**>•  be 
“  b0U'  te""cto  “*  “»  Peyloar^rriS'ST^ 
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shortening  the  flyout  time  of  the  defensive  weapon  and  reopening  the 
engagement  window  that  might  otherwise  be  closed  by  late  targeuietection 
combined  with  high  speed  and  long  keepout  range,  proSfles  mSt^ 

balltafc^S  k2eP  thC  !aUn,Ch  energy reasonable  bounds,  and  have  a  high 
llistic  coefficient  to  avoid  excessive  reduction  of  speed  by  aerodynamic 

*J”f  To  ,meet  lhese  requirements,  the  projectile  must  have  a  hiMo-kill 
ign  with  a  terminal  homer  capable  of  functioning  in  the  atmosphere  at 
hypervelocity.  These  are  technically  difficult  goals,  but  not  unrealistic:  the 
Strategic  Defense  Initiative  Office  (SDIO)  is  working  to Zd  a  s  milaMf  nn, 
idenud.  su,  of  gouls,  and  ,h«  NsCy  can  L, 

are  I?  °f  -hC  problems  anticiPated  for  conventional  ->ir  defense  missiles 
maneuvers  dlsB“* 

maneuvers,  and  (2)  inadequate  lethality,  when  the  need  is  to  achieve  a 

pS2  ZST  k1'1  (f?r  eXamp,e* if  lhe  incomin2  warhead  were  nuclear) 
Political  and  arms  control  issues  permitting,  low-yield  nuclear  warheads  on 

r**  b°"' of A*.  sst 

yield  must  be  low  enough  to  permit  the  use  of  these  warheads  in  th* 
compressed  battle  space  expected  in  the  future.  Depending  on  the  minimum 
usable  range  needed,  the  warhead  design  may  be  straightforward  or  very 
demanding.  Depending  on  future  world  developments  J?  associated  oolicv 
resolutions,  such  warheads  could  be  developed  and  p^hTpTSS 

EWEix*  “  depto>M — 


Key  Considerations  in  the  Active/Passive  Tradeoffs 

As  a  general  matter,  the  decision  as  to  how  far  to  carry  passive  defense 
“  V * P">'“>‘»g  .he  ship  b  ,  major  issue  2S 
analyse  and  judgment.  Large  improvemenb  will  he  costjv  Seme  of  the 

amiKt>nd  0bvi0US  steps  of  reduction  to  reduce  radar,  IR  and 

acoustic  signatures,  and  internal  steps  to  enhance  damage  control  can  add 
much  for  modest  cost  Adding  electric  drive,  including  fetmmSe  S^  to 
make  propellers  run  deeper,  might  be  more  expensive  than  direct Sing 
with  gear  boxes,  depending  on  the  system  trade-offs.  Significant  changes  to 
enhance  underkeel  torpedo  protection,  requiring  a  larger S  wS  Sr 
cause  cost  to  rise  considerably  or  require  significant  rearrangement  of  the 

I  T112^  Sl"P  Whdre  'te  *“*A°Amo“g 

r«I»ire  oteusiv! 
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Z^SP^  “  Stt==;  l' 

Perhaps  10  ,o  15  pe,«m CJ£ ^ctTL^"” *'  ^  * 

b5S=S3@3=S£3 

=HSSi?SSrS 


POWER,  PROPULSION,  AND  ELECTRIC  POWER  MANAGEMENT 
Nuclear  Reactor  Technology 

resort  aiJThaTL^  "** 

operate  rhe  reactors  i„  fceSS,  to  S'®  h0W- '° 

5»££t££ffs^ 
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FIGURE  7.1 


Schematic  variation 
CVNs. 


of  cost  vs.  passive  protection  of  large 


o 


VULNERABILITY 
(Relative  to  NIMtTZ  class) 


i.O 
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figure  7.2  Schema, ic  variation  of  aerhe/passive  irade-off  in  large  CVN. 


VULNERABILITY 
(Relative  to  NIM1TZ  class) 


1.0 
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g=SSSSS5Si 

t?T'”  !“Jn0!00' '"  &mll“rtly  operation  ana 

oppo^To  ml£  T™'™  *  aval!able  “  «*“  <*« 


Energy  Management 

=^SSH5S!iSs 

mwmm^ 

as  xsssasSrr ™ 
SBa^=S5SS£?J?sa 
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the  ships  and  withoul^ncrMsinpThp  °’1 1  addin£  hazards  to  the  operation  of 

■«*  »  major  ««•*.  S»?h  Zg2 

reason  ,hc>  aK  wnh  of  all  slaes,  and  ,br  ,h“ 


"«->  ™eTnF0RSu“0N  W»ANACE:MEW 

Operations  "I  of  Arti-anrini.  Tfrn„„.~.,  for  „  , 

WashingtonTac,  1988)  (Na»onal  Acadei^p^T 

1»  which  each  side  aSpts  to  L  "  lmportance  °f  ‘he  'information 
about  the  other  while  denying  foformaS  !jLm!‘Ch  ,nforn,a‘ion  as  possible 
tmponant  beyond  carrier  design  ^  attend  Whi,e  the  taues  are 

a  I  the  considerations  about  sh^  «,•»„!? n*10ntothis  issue  has  influenced 

IT*?,*  prCvious  “ctioi  .*%*£? lZZd  dCfenSe  °f  lhe  «nSj 

Tables  6.1  through  6.7.  ^  technologies  have  been  listed  in 

arri^  alld  twTonhc  es,ueCtr°,?iagnetic  emissioas  from  the 

offboard  assets,  imply  different  L  hi  '13””  ,oad  fro">  ‘he  ship  to 
information  processing  system  fshifril^f  “ l  S?SOr  desi>>  Ganges  i/the 
that  would  be  performed  by  crews  °f  the  P r°cessing  and  analysis 

to  adapt  to  the  new  kinds  of availab^ ^2'°  ,erminals  on  shipboard) 
and  a  new  and  different  communicarionn^l  f"501- vehicle  technology 
More  passive  sensing  in  the  IR  and  EM  hT  ^  « l°  ensure  connectivity, 
techniques  as  pseudo-noise  wide  hanrt  bands>  LPi/LPD  radar  using  such 

necessaty  to  preserve  stealth  and  to  n«t  •  l  mu,tlstaUc  modes  will  all  be 
suited  to  reducing  the  weight  of  ulformatIon  in  new  architectures 
spacecraft  Similaf  neJis  S  Li  ^  insta,,atio^  in  airomTaS 

emergencies,  the  use  of  highly  directional ‘h  hlp  exceP‘  in  extreme 

communications  where  feasible.  SuSS ^tems,  and  laser 
fands  of  electronic  warffe  ^  “courage  n^ 

management  and  integrated  llored  both  to  carrier  siaature 

2°”?  “•<»■«.  *«-»«  «>C 

lo  electronic  oountermea sures  C  ,0  inc,ude  a‘‘ention 

sr  -  ;  *  SSR55 
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Such  changes  will  apply  to  any  carrier  system  design.  They  are  under 
Tf  siSy’  7£?ned  and  imepra,ed  by the  establishment  of  the  Dirmoram 

S!SlyrS,S'eby«hal N<” 311  °f “» 

Distribution^ Swem  ,he  J°in*  Tac,ical  Info™ation 

attests  If  thev  ->rp  h  •  H  ?  ,icb  rePresente<l  a  step  in  these  directions, 

aosttre  SaSlJT  11  Pt0greSS  *  P,0'ec,ed  «■ 


UNMANNED  AERIAL  VEHICLES  OTHER  THAN  HALE 
Operating  environments  for  detailed  reconnaissance  and  target 

vehicle/unmanned  aerial  vehicle  fRPV/UAV't  ^emotely  piloted 

sssr  -j?  m-  : 

rSSS  of  5?  CPI  l0r  byjudidous  <^S”  of  sensor  suites  and^ta  Itoks 
Recoveiy  of  the  aircraft  with  low  damage  or  loss  rates  it  a  «!!*»  . 

operational  problem.  CTOL  operation  “  “Secant 

amphibious  warfare  ships  is  fc^bSSSl  “J  *7 

am  *  dCfk  Via  d3ta  ,ink  by  Personnel  on  the  deck.  It  should  be  ptLibteto 

be  especially  valuable  in  direct  support  of  landing  forces 

RATIONALIZED  LOGISTICS  AND  MANPOWER  ENGINEERING 

“  *"*  I*™-*  «  -tol  tor  aircnft  *%££££ 
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weapon  Me*  abS'  ibc'shT’io  "?  mall"ai'1  the  self-defense 
carter  ai,  „„g  a»7„7,Lc Varte  L  *  fc  “f  COn,Mnd  s“  °'  <* 

w  »  increased  oSS SS',“  «™»8<>fp«.so„nelra„ 
•fares,  increased  sonte  and  ,ed„M  ,“??  in  ,me'  '™aroand 

of  personnel  (o,  new taS?S,'?MM,.ab0*rt  shlP  01  »ailaba.'ty 
The  advances  are  within  the  current  stat? of 'ihVart511'^  complement- 
applied  for  their  benefits  to  become  available  3  ***  °nly  be 

nanges  in  aircraft,  avionic,  and  0*1  «wtom 
nature  of  the  support  required  for  airmf,  m  d  gns  are  chan«ing  the 
electronic  spteiS „E  to ZZ  £  S3?”  C°mP“* 
of  repair,  and  anronrarte  f„“  £,nn  ,2  60,1  'EP'a“n.enr  in  place 

although  it  has  its  own  m!",  built',n  test  equipment  (ATE  and  BIT) 

required  for  isolating  and  repairing  ir^l^MaSJr15’  “  reducin£  ^  “me 

hour  are  declining  for  the  newer  aircraft 'ci^«  T™*  manhours  per  flight 
even  when  the  added  burdens  of  aeino  ,•  3S^fS’ by  25  much  “  30  percent, 

Computer-aideSiScTuD  "S V*  are  3CCOumed  for’ 

requirements  for  spare  pins  an^enhanr^,r°VK  |lnVern,0,y  con,roI<  reduce 
notice.  Advanced  maintenance  aids  vrilT SSl!??  fCSUpply  on  short 
by  improved  design  of  systems  to  r>wi,,.reduce  maintenance  time  and  effort 

and  ergonomic  design  of  tools  and  maintp13'0^  ^  by  rapid  fault  “°,ati°n 
systems  can  significant  Computer-based 

taken  up  by  paper  records  and  instimaioraid ^  We'Sht  3"d  V0,Ume 
them  to  electronic  media-leading  to  a  savins  of  'T™Uals  ^  shifting 

10,000  ft3  in  a  'paperless- Carter  \Z  ”?  P  ‘°  350  ,0ns  and  up  » 
adherent  coatings  Jrfd  non-corroding  a“o«  ^"ISuS  T*™*-  highIy 

S"“  T  mi  a,K”dl"8  “»Powe^,C,“  pre“,Va"M  aad 

repair,  Beaase  SWp  Opera0»“  *"d 

automation  can  he^  them  coSiderabIvPhmVe  multipIe  responsibilities, 
reduce  efficiency  and  chancTof  su^i  CMe  must  *  “*»  »ot  to 
people  doing  -normal' jobs  may  be  outof  txStfonYnd'h165'  F°f  Cxamp,e* 
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since  damage  is  unpredictable,  the  opportunity  and  need  to  exercise  human 
ingenuity  ad  hoc  shou.d  not  be  lost.  Automation  of  damSe S 

tonre^a^hemd  **  dCSignCd  ‘°  hdp  ,he  CTew  in  this  ^.ion,  not 

,  impr°Ved  k?OW,edge  of  shiP  condition  and  ease  of  repair  resulting 
from  damage  control  enhancements  will  obviously  also  help  to  increase  thl 
efficiency  and  effectiveness  of  roi\ine  problem  isolation  and  shin 
maintenance.  Automation  opportunities,  such  as  the  •instrumented  ship"  for 
,nforma,lon  and  damage  isolation,  sensors  to  help  guide  yellow 
gear  safely  around  a  deck  full  of  aircraft,  and  judicious  application  of 

SthfeS  rr^renab,e  ,hC  Ship’S  CTCW  ,0  d0  a  ^effective  job 
wth  fewer jieopte.  All  the  improvements  noted  can  lead  to  a  philosophy  of 

to  predetermined  time  schedules.  This,  with  the  application  of  reduced8 
maintenance  materials  and  structures,  can  be  LeaS  to  r^ 
maintenance  load  and  therefore  manpower. 

m„nS!  80,1,6  Changes  in  Procedures  and' design  of  functional  areas  like 
nition  movement  and  handling  systems,  enhanced  assembly  line 
techniques  and  robotics  to  improve  safety  and  reduce  the  time  taken  for 

mUni,i0ns  aPP,ied  to  aircraft  turnaround.  The 
result  will  be  fewer  support  manhours  per  sortie 

Many  improvements  are  possible  in  the  personnel  area  ner  se 
Appropriate  attention  to  selection  and  assignmenrProcedur«  “n  l2d  To 
productivity  gains  as  high  as  70  percent  for  individual  crew  members  in  manv 
functions.  Molding  the  ship  for  habitability  by  using  moJemaTn^  of 
modular  living-area  architecture,  food  preparation,  and  service  functions  like 

moreTfF'*i>n/S°  "TIT  redUCUon  in  overaU  Personnel  on^hTp  Ind 
°fJ1he/emaining  Per30""6'-  Techniques  of  embedded 
.  !hrPugh  onboard  team  training  for  combat  tasks  and  use  of 
embedded  simulation  modes  for  practice  operation  of  major  systems  can 

A^emLTn  hmaiRtaJn  CT6W  Proficiency  duri"g  operational  deployments 
Pf  n^  ^hJran  T  “  techno,°Sy  development  can  assist  ion 
^  “  Cam'"  Sp"m  ",“h0"'  incrasl"S  "lanning 

There  would  also  be  extensive  personnel  as  well  as  oneratin» 

aircraft  were  m0Ved  °ff  lhc  ffight  deck  ,0  inside  parkiL  and 
support  in  order  to  reduce  signature.  Carrier  space  availabilityTor  aircraft 
now  requires  much  maintenance  on  the  flight  dale.  If  sienatSe  rLT,S 
considerations  require  ship  operations  ,Kh  SmporaTf^r  aS 
*•  no  openings, 


102 


Carrier-2 1  Overview 


Sill 

EEfF“a~“ 

location  on  the  canter  so  that  munition,  could  be  moved  to  «,!Z  ! 
«pedtt|0„sly,  might  halve  replenishment  times.  MtwSStaTJES 

anni2f  r01355'^  NaVy  Ship  ^rational  Characteristics  Study  (SOCS) 
S3P£  ®?  smaller  *urface  combatants,  estimated  that  some  3S*Wtf 
shipboard  personnel  could  be  cut  through  measure  <„rh  «?,.  ^  !  of 

1^1 

each  perwnTb^d*  a^rter^SM  ft™  Evena^  M  ^  ”*  SUpP°n  °f 

°f  iL  ^  available  volume  SS 
p-£  “its  SWL^5Mr£-“ of 

^ine^f°r  ^  t0rped°  f"****  or  for  ™«  -Son  Lund 

a°n^ti0nal  effidCndCS 
.  Achieving  these  gains  will  require  attention  from 
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pros, am  maLjen.  or  JSS.  S  ',  !  “^  '*“**■ 
system  levels  is  responsible  for  the  rw*»«it  i  .  ,  aircraft  :ubsystem  and 
the  exist  and  effectiveness  imniirar  #•  ^  0^Personnc*  on  the  ship  or 
they  may  ma “ ™>,"caU0"s  of  pemonoel-relatc  decisions  Sha, 


CARRIER  SYSTEM  OPTIONS 


Careful  consideration  of  the  carrier  design  drivers  and  of  the  possibilities 
for  resolving  the  problems  they  pose  points  to  four  basic  alternatives  for 
future  aircraft  carriers  and  carrier  systems,  with  many  possible  variations  of 
the  four.  Obviously,  since  the  carriers  considered  here  will  be  acquired  over 
a  considerable  period  of  time  (40  years),  a  fleet  will  be  built  having  more 
than  one  ship  design,  so  that  the  Navy  can  take  continual  advantage  of 
advancing  technology. 

The  basic  concepts  that  were  examined  are  enumerated  immediately 
below  and  then  are  discussed.  Clearly,  since  one  approach  has  already  been 
recommended  earlier  in  this  report,  these  options  have  already  been 
evaluated  in  light  of  current  needs  and  conditions.  The  options  are 
presented  and  discussed,  however,  (1)  to  show  the  range  of  possibilities  that 
was  considered  in  arriving  at  the  recommendations,  (2)  to  indicate  the 
possibilities  that  may  be  of  interest  and  available  for  some  time  in  the  future 
when  world  conditions  and  the  needs  for  naval  power  will  surely  change,  and 
(3)  to  establish  the  basis  for  the  recommended  carrier-oriented  R&D 
program.  The  options  are  the  following: 

1.  An  advanced  NIMITZ-iype  ship,  within  the  NIMITZ-size  envelope 
Such  a  ship  would  be  changed  to  the  extent  feasible  to  meet  some  of  the 
most  severe  threats  and  engineering  problems  foreseen  and  to  capitalize  on 
some  of  the  most  important  of  the  technological  opportunities  in  the  offing 
to  the  extent  permitted  by  th».  size  of  the  ship. 


.  -  A  larse  monohull.  This  ship  would  offer  more  scope  for 
change,  including  potential  growth  in  size  and  weight  of  the  aircraft  of  the 
earner  air  wing  to  achieve  improved  range  and  payload,  and  changed 
onboard  system  characteristics  to  provide  more  opportunity  to  strengthen 
passive  and  active  defense,  and  more  opportunity  to  capitalize  on  some 
major  technological  advances  su  :h  as  electric  drive  and  advanced,  electrically 
based  weapons,  along  with  the  advances  possible  in  the  NIMITZ-class  ship 
Torpedo  protection  and  larger  and  heavier  aircraft  would  cause  this  ship  to 
than  onc  ®  ^e  NIMITZ  class.  The  smallest  size  might  be  about 
105,000  tons  and  100  ft  longer  than  a  NIMITZ-class  ship,  and  a  much  larger 


Preceding  page  blank 
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entoace  sWp  wo'S'S™  *  '°"cr  siS“™ra  and  to 

ppronmately  the  dimensions  of  the  VIMnv  ®ref,anSu!ar  fl|ght  deck  of 
operate  with  all  aircraft  in  the  han  Jar  i?  u  1X2  n'gh‘  deck-  configured  to 
recovered.  ,«  would  ^  huttad  J 

submanne-Iike  hulls  at  about  a  lS-ft  demh  Tr  *  prope,lers  ‘he 
ballast  to  draw  about  40  ft  to  enter  har^!f  te  wou,d  ^  ab,e  *>  reduce 

£*  %***  -  ab»">  «w»  « 

g  10  hS’!^  »  carnet  ai,  n, 

different  conditions  of  in-hanear  or L  a-**aa  °f  t0day>s  air  wing,  under 

~  -*-*  -  3K  - 

Sovi"^  "  "wHbe  to‘s"'  fef’  ****  *> 

STOVL  fighter/light  attack  aircraft  T^L  £,r  W,ng  of  about  30  new 
supersonic  cruise  capabilitv  or  cm  »  n  l^e  ^/A-18  weight  class  with 
STOVL  fighter  and *m#  S  a  S ofTh, 
^Uld  not  have  catapult  and  arresting  gear  TbJS- 5upportinS  missions.  It 
use  tn  a  complementary  air  defense  and  asw  ,hip  W°U,d  **  p,anned  for 
“  support  of  amphibious  oS0" ro,e  Ti,h  the  large  carriers, 

S3T*-i ETSS^tftS^  “d  VS2ECK 

po«  senous  decision  problems  for  the  aggregate  will 

JJJJ  J**  *  Afferent  impact  on  thelestaf  n?^  gCt  p,anners-  Each 
Tlese  factors  are  reviewed  in  the  followup ZZSZ!**  ^ 


'  brgest  class  of  amphibious  assault  ship*. 


ADVANCED  MMITZ-TVTE  carrier 
^  cha'a“'“»  “»  improvements  contd  Mude.  Jmong  oam. 

*  » <h« 
ate  Urn,  had  ten  plannS fo IT'  i T T’"3"  aircraf' »' 

growl h  of  ATS  aircraft  or  other  fmlf  A*U  however*  potential 

performing  the  ATS  missions  in  ordel  t<Ta^hL!e  a'rCraft  now 
payload  performance  and  mn,»  ^  '°  ach,eve  greater  range  and 

would  lead  to  a  very  UshZn  Thi^"^’  f°un,ersfeaIth  sensors 

•  SUrveil,anu‘  a"d  targeting  assets'"  “  m°re  relianCe  0n 

the  basic  des  Jn  SIgna,urcs  l° ,he  raenI  feasible  Within 

‘  f •* 

other  signature  management  steps  would  ™  h  £es’  together  with 

S£S£-  ■  SSK3TWS5 

'  SSSf  tKr? 0,SPARROW 

defense— all  to  the  extent  Demited  h  b.a^’  and  actIve  torpedo 
1  5e'ective  application  of  u^raded  aZor^  ^  ^  COnstraints- 

and  migaane ‘capadty  P?,CCtion-  or  aviation  fuel 

through  Perw^^<sw'n^w«eu^nfor>on!Ie  Tl  ^  *  *** 

For  the  late  mid-term  and  S-S  d«  °'those  PurP<*«- 
these  prove  to  be  preferable  and  ,*™  eS'£n'’  advanced  reactors  if 

management  systems,  associated  withehmidP0Wer  ,ransmission  and 
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eff«fe„2oHht would sfmfiu  '7™''  ""  ""““J  M<l 

E~SSS=SS 

S»s=5E3SiSB 

sSSS^ss 

fature^and  ^e^^MdUie 

^  threa* ™’d  ~<S*  S 

10  t^'SmTthr^  ^  C0u,d  add  initial  0)51  of  “P  to  about 

costs  throughout  the  ship^seivice  Ufe^uch ^  W°UW  **  ‘D  downstream 

the  ship  to  keep  up  i„  sSL  s^t  ^ZTZZTlZ^ 
operating  environment  &  cnanges  tn  the  future 


NEW  LARGE  MONOHULL 

f  “  “•  taP'°»™  outlined  nhtve  16,  a„ 

*5£^S313E  ■“  **  '»  ^ 

•  Addition  of  from  100  ft  to  about  400  ft  to  the  flight  deck  enabling 

w  p  lo  1ZO.UUU  lb  TOGw).  The  addition  of  100  ft  to  a  NIMIT7 

mtStS!,hiP  r'd  entai' growth  in  other  dimensions  if  one  vranSTo 
maintain  the  same  prismatic  factor,  which  is  very  favoraWe  for 

SSST C  d^lgn  a"d  Ship  speed>  If  a  sn»ail  (one  knot  or  leL) 
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L^nc0ther  (ie’  400  ft>  would  Srow  significantly  in  all 

dimensions— the  overall  beam  would  be  about  300  to  350  ft  and  the 

raft  would  be  nearly  50  ft  if  underkeel  torpedo  protection  were 
provided  with  a  rigid  bottom. 

•  Addition  of  underkeel  torpedo  protection.  This  would  be  built  into 
the  basic  structure  of  the  ship,  at  least  in  part,  and  might  be 
augmented  by  compliant  bottom  protection  if  necessary  to  absorb 
the  energy  of  a  large  torpedo  explosion.  In  the  latter  case  the  ship 
would  draw  up  to  60  ft  while  at  sea,  but  it  might  be  found  feasible 

th£ ,0  3bOUt  40  ft  by  PumPinS  ballast  out  of  a  flexible, 

NIMrrz'eal^ll0rn  M,0r  en‘ering  harbors'  mie  'stretched 
N1M1TZ  alone  would  not  draw  more  water.) 

•  Greater  opportunity  for  signature  reduction  accompanying  the  hull 

2ss ;:hrby  increasing  the  d“y  ^4  2*5  ss 

easing  the  opportunity  for  effective  cover  and  deception  by 
electronic  countermeasures  (ECM),  chaff,  and  decoying.  7 

pportunity  for  much  more  hangar  deck  space  resulting  from  added 

PerhaPs.fyon>  personnel  effidency  gains,  so  that  the 
ship  could  operate  with  an  80+  percent-sized  air  wing  with  no 
parking,  turnaround,  or  maintenance  activity  on  the  flight  deck  or 

sss'sr  * 

•  ,0  "**■  ““,d 

•  Significantly  increased  fuel  and  magazine  volume  to  increase 
sustainability  m  combat,  depending  on  the  actual  ship  size  and  on 
whethcu^voluroe  ^  °ther  aPPIications  were  used  for  these 

•  Opportunity  for  podded  electric  drive,  when  available. 

NIMnfwoJfd^3'  8aint  fa  Capab,lity  above  those  of  the  improved 
3  SKiP^at  might  ^  from  about  125.000  tons  to 

sWp  2^  ^  ght  h3Ve  ‘°  ^  dred2ed  ,0  handle  the 

snip  especially  m  a  rigid  bottom  configuration.  The  hull  designs 

feS  SeSv  mT  thVhC  SWP  not  «  available  drydS 
’  ^te  additional  cost  of  the  ship  alone  would  be  10  to  100  nercem 

■r  ““  °>  ‘  WIMnz,  fep.,4  on  a.  «5l  ttTJKS 

incorporated.  The  cost  of  new  port  facilities  for  the  new  ship  class 
would  have  to  be  borne;  this  might  come  to  about  $2.5  billion  to  $3  billion 
or  facilities  on  both  coasts  (less  for  the  ’stretched  NIMITZ*  since  a  graving 
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ch-«StS  ,n  WhlCh  SUCh  3  Ship  COuld  1x5  bui,t)-  If  the  cost  of  new  drydocks 
faiuS  rCPK,r  Were  ,0  **  saved’  other  means  for  working  around  the 
untodStPcSt  bCl0W)  W0U,d  have  ,0  **  ad°Pted>  at  some 


large  semisubmersible 

^racti0a  0f  ,hiS  Ship  is  that  il  cou,d  offer  the  lowest  detectability 
against  targeting  and,  depending  on  the  resolution  of  some  structural 
unknowns,  possibly  the  greatest  structural  integrity  against  major  damage 
(It  could  probablystill  be  targeted  from  outside  visual  range,  however )  lie 

STT  5  1100  ft  long  and  wou,d  have  a  beam  of  250  ft  forihe 

SIS  fl,ghLdeCk-  If  the  Ship  were  3  SWATH,  the  underwater  beam 
the  Sdfiii  dfethbeCa|USe  °f  thC  °verhang  of  the  125-ft-diameter  hulls  from 
withL  the  J  hCi ,Pi°nS  g0lf'club"  configuration  could  be  used  to  stay 
within  the  overall  beam,  but  this  would  not  be  as  stable  or  as  efficient 

SSSdiTlf  IIy)it 1116  Sh‘P  W°U,d  dr3W  3b0Ut  185  ft  whiIe  under  ballas‘  a‘ 

2  STS;, a?H  ,?th  °f  125  ft>  but  il  mi8ht  1x5  Signed  to  draw 
as  little  as  40  ft  without  ballast,  to  enter  port  (Its  height  might  then 

S? bndges.in  “me  P°m)  The  ship  wouldSdisplai  about 

rSS  ^  Pty  3n  3b0Ut  “W”0  tons  in  ballasted  configuration.  The 
reacton  and  magazines  would  be  in  the  hulls,  where  they  would  be  less 

SStiVfi,.atteCk  by  WCap0nS’  «*  d2kTpa«  wouM 

permit  the  full  air  wing  to  be  housed,  turned  around,  and  maintained  inside 

the  ship,  with  advantages  in  signature  reduction  and  controlled  conditions 

quieting,  and  double-  or  tnple-hull  submarine-type  construaion  for  damage 

JfeT  SpeCi  T°Uld  not  ^  35  great  as  that  of  the  NIMITZ  (25  knon 

vice  30+ knots,  with  four  times  as  much  installed  power).  However  speed 

^uidSifiSnti?h0ymenI  liT;  Wind-°ver'deck  requirements  co’uldte 
bf  n2d<?  y  yUSC  Sk,jump’ and  deck  Paring  space  would  not 

**  ,3rge  e"°Ugh  t0  accommodate  operations  by  the 
for8rak^Sd  S,  come,nPj?ted>  especially  with  a  skijump  and  catapults 
£L?£? r“d  !onger  run°“ts  ^  ‘he  arresting  gear,  without  Intensive  iSnd- 
°AV'^tC^c  requrrements.  The  rectangular  deck  would  have  ample  space  for 
added  “defense  that  the  passive/active  defense  trade-offe  might  surest  for 
ship  of  its  potentially  low  detectability.  There  could  also  be  sp?ce  and 


Carrier-21  Overview 


111 


waght  capacity  for  a  significant  number  of  offensive  long-range  missiles  for 
efense  supp.ession  to  support  strike  warfare.  The  rectangular  flight  deck, 
potentially  configured  as  two  parallel  runways,  would  offergreat  flexibility 
for  simultaneous  launch  and  recovery  operations. 

*££  °ier  ifmp™ve,mentS  for  efficiency  and  effectiveness  that  have 
been  sketched  above  for  the  large  monohulls  would  be  available  to  this  ship 
Total  redesign  of  the  use  of  space  on  board  would  clearly  be  required, 
however.  The  ship  would  also  need  new  building  and  port  facilities.  A 
mode  for  working  on  the  ship  in  water  and  at  dockside  once  it  is  in  service 

2°forii  v  “T1  drydOCk  faciHties’  could  devised  to  minimize  the  new 
fixed  facilities  that  would  have  to  be  built. 

cost^forS  “,'"iate  of  mst  f°T  this  shiP*  bas«l  on  a  synthesis  of  submarine 
“  fnf°  ,th  hU  "  a"d  monohu11  carrier  costs  for  the  superstructure,  leads 
to  an  estimate  of  about  three  times  the  cost  of  a  NIMITZ-class  carrier 
However,  a  ship  of  this  kind  represents  a  very  long  extrapolation  from 

ad  SKr  W!!h  semisubmersibles— currently,  3500  tons  in  operation 
and  5000  tons  in  design.  Experience  suggests  that  many  ’unknown 

“S™ ^Z^enco”,ere‘  ■ °f 

rss  s  ,o  a  taor  °r  four  um“ 

The  benefit  gained  for  the  added  cost  would  be  the  potentially  ereat 

nuZTZT™™*  and  RrepOWer-  ^ inCTeascs  «rrieTSpaW?ty 

f  “T"  00515  by  avoidin«  the  costs  of  other  battle  for<2 
“  d  “  that  might  not  be  needed  to  protea  the  ship.  These  tradeoffs 

ZTJfZ  a  6X15  m  derth  through  R&D*  model  tests>  and  design 

Tte% 3nd  SimU,ati°n  °f  ^  CnUre  batUe  W in  high- 


lha/lhd-sized  carrier 

The  flexibility  advantages  and  mission  opportunities  of  this  carrier  in 

SthPth^h"g  fhe  f0.rce  of  ,ar«e  were  noted  above,  in  conneaion 

mL  riiis  Sn0  2^  attraction  of  P°wered  aircraft  Considered  ab 
trnno,  this  ship  can  be  a  monohull  or  semisubmersible.  The  alternatives  are 

i°  ?*  “  ^  same  class  because  of  their  size,  the  needed 

s“E„Sr°  a  ^  lift  air  complement,  and  other  attributes 

%  ss  o”b“"'  pro,‘aioB  *m  to,'>™au“ 
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°'fer  sca-te«  <“  ^  *■* •*» « 
Lo  moTS  ™2tS,Stl“'e"d,"SitS0pera,l0"al 

r^Tof™ 

5£S*cw= 

sr*** .  TO„M  ... 

isS'2H™SS«5£s 
r-SS S~"£S=S? 

E5EHHE-— ■=== 

TT»c^70rSXlth££Zu,.l not  s,rftthe  avai,ab,e  fedlities- 

above,  since  for  shim  of  '• 0,6  0081  ofthe,ar«e”hips  described 

weight,  but  the  cost  would  be  larger  wr  mn7  V3iy  roughly  accord>ng  to 
available  to  larger  ships  woul/have  to  h^*15*  many  desiSn  efficiencies 
analogous  to  thl  otheJTmSe  Ld  hU^.  f°reg0ne-  A  rough  «*“«« 

during  the  CVN-CW  discussions  of  the  JuLum*?  7  StUdlCS 

ton  carrier  might  cost  atoufS  to  1970s)  "««*  that  a  50,000- 

(95,000-ton) Tp.  °  65  ****  “  much  35  a  NIMITZ-class 
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S\  STEM  IMPLICATIONS  OF  THE  OPTIONS 

throughout  the  discu^Sn,m^  ar^reSewS  °Pti0m  ^  been  noted 

Advancing  technology  will  make  available  mL  CXpanded  form  here- 
des.gn  that  should  be  ina,rporated Sf* ’!* nany>|npiovements  in  carrier 
improve  combat  power,  reduce  personnel W  Improve  survivability, 
operating  effidency  and  sustainabilftv  AithreqU»!rementS’  and  enhanc« 
subsided  at  least  for  the  time  the  ^thou^h  the  Soviet  threat  has 
succeeding  generations  will  have  to  confend^T  and  those  of 
including  many  countries  that  even  now  are  amuirin^1?''31  Opposition* 
and  combat  capabilities  that  can  stress  «  8  advanced  technical 

The  implications  for  tSe  ami™,  C"ncr  SyStem  t0  its  »tnits. 
only  be  desirable  to  be  chanced  re  ach"6’  ‘\erefore*  ,haf  il  will  not 

improvements,  but  that  it  will  also  K  the  P°temiaI  effidency 

capable  opposition.  The  changes  will  not  increas*ngly 

earlier  Soviet  threat  demanded butThev  Sift  the.  dictions  that  the 
pattern  the  ability  to  meet  a  renewed?^  ^  ‘°  inc,ude  with*h  their 

arise.  Conversely,  many  of  the  chane«  ^  ^  ‘  quarter  shou,d  “ 

and  economic  reasons  even  if  the  Soviet  thrL^  ^fneficial  for  operational 
Many  changes  in  the  threat  had  remained. 

to  those  changes  will  press  for  imeJS  e"vjronm««  a"d  responses 
face  continuing  tensions  between  the  Sessure*^  Camer  desiSns  will 
compromises  to  restrain  growth.  P  for  the  ship  to  grow  and 

world,  and  the  dangeXf  MwatJw  *  dose*  101,1016  areas  of  the 

technically  capable  opponents  will  reouire  th  °  .^ostile  shores  against 
of  longer-range  strike  operatio’ns  ihan^urrent  aiSJJf  10  **  apabIe 

operations  will  use  more  standoff lgnS permiL  Strike 

®tpanded  effort  to  aeate  targeting  man^Ko  qUT8  3  "'^cantly 

used  even  for  close-in  attach  r™P,’  ;  r*  gUlded  weaP°ns  will  be 
A-12  and  with  the  cuM* the  abort™ 
combat  aircraft  implied  bv  the  ^  NATF  suggests  that  the  larger 
the  NIMrrz  design  envelop  *  0peiaUnS  ^  would  ^  fit  within 

land-based  tactical  sircraft^aun^ng^talthv^itkh*  f  l°  attacks 
of  modern  undersea  warfare  lanahtfitv «  ^  ntis^ip  missiles,  and  spreading 

"1*»  long-range W°rM « 
counter-action  against  such  threats  uPP°rt*  2nd  assistance  for 

««  become  tog.  Md  .no,* 
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“f°"  Mil  have",o  JS ““olT  "*  Pr°W"» 

^ 

1  “«*«  (ATS)  function  us  , 
the  support  burden  is  divided.  It  |s  ^panitioned  and  how 

•onger  rely  wholly  on  assets  within  thTcM  8  iT lhat  the  NAVY  can  no 
perfo.™  the  entire  support  task.  As  happens*^  ‘h'batt,e  8rouP  alone  to 
‘  “”7  out  some  significant  set  of  proEs  T*7’  ,!?*  Carrier  wiU  •*  able 
group  will  have  to  be  augmented  hv„?,?-J  y  iU5e,f’  and  then  ‘he  battle 
»  ‘he  future  wi,|  be  nE£ 

possibilities  have  been  reviewed  in  Trends^  l  ^n  ,0  dale-  The 
Such  a  new  tactical  support  svstem  m  "  Aircraft  ln  Chapter  7. 

more  effective  in  many  situaES,?  COnfifiuration  would  not  only  be 
potential  conflicts  with  the  Soviet  Union1*  tf  ^amer  might  encounter  outside 
‘o  deal  with  a  resurgent  Wuh^'sLid  T"'*  3k°  *  weU 
reasonably  safe  position  against  filial W  hat  aPPear-  This  would  be  a 
»•  It  would  also  avoid  the  problem  of Cjf”?inty’ and  ‘here  is  time  to  build 
aircraft  that  would  have  f"8  “  ATS  aircraft  or  set  of 

coexisting  for  25  to  40  years°  ^  ,Q  ^  di^rent  sizes  of  ship 

convention“!hr^ftsPbuuh^  WiI1  **  effective  against 

stealthy  attack  missiles;  that^ii  t  e  probIem  of  targeting 

other  b3tUe  ships  **  rame'  « 

of  the  art  in  sensing  advances  well  be^nZt  h  Camer>  “Mil  the  state 
dispersal  of  the  battle  gtoTp^S  vSS  k"  “  *  loday-  Reducing  the 
nuclear  weapons,  which  may  appear  inThZ  wt  *n,uP  ^hierability  t0 
those  of  Soviet  forces.  y  PP^  “  U,Td  WorId  arsenals  in  addition  to 

in  the  ship  iteelf.  lefV°  ma,0r  design  changes 

si^iatures  and  internal  changes  to  fedua  the  t?  redUCed  and  modified 
enhance  the  ability  of  the  ship  to  suctam  t?6  e®scts  °f  damage  and  to 
active  defences,  including  more  ZSSZ  ,ess  W  AddS 

directed -energy  weapons  and  hyry-rvoi"  ,c*ose*in  gnn  or  (ultimately) 
mstallations,  might  require  carrier  J^i^hjfnetic*cwergy  weapon 
Passive  damage  limitation  against  iheu^wif  ^  are  e,abora‘e  enough 
he  spread  by  the  Soviet  threat*  which  «?„ 

<>W  UfeUlM>  WoM  » 
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however,  if  the  cost  can  be  accepted  A  iar  '  **  V,Cwed  “  undesirable, 
survivable.  It  could  operate  larcX  a-  Af  3[ger  camer  0311  he  made  more 
would  give  the  system  more  stritino  WOUld  **  more  caPab|e  and 

could  also  allow  for  onboard  instaHatfrT^f  1  °nger  ranSe-  A  larger  carrier 
defenses  against  the  carrier**  ctnv  n onS“range  missiles  to  suppress 

aboard  the  other  battle  force  mmhi  ,ISS,I“  .m  the  carner.  ammunition 
must  continue  to  Z  TJo  S  to  T  ^  "*"*  from  the  «nfcr 

of  guided  weanon*  hut « -u  ^  might  be  made  up  by  more  use 

waSS  SSS  over  f  °f  ““•*  (££ 

probably  result  even  in  that  case  If  thTLT'™  ^  Urget  would 

proves  undesirable  and  the  added  risk  of  lo^aiti^a!b^X!r,S,tike  baIanCe 

discussed,  is  one.  Except  where  enoao  UrdCD  *0  oflboard  assets-  already 
.0  us.  no  ehuiee  bj 

cooperative  engagement  with  nth^r  -v.08”^  ^  carner  0311  participate  in 
cm  be  eaendTSSS  Sf  "'k  ba"te  n‘  «meep, 
armed  services  under  the  command  nr'0”  '^lh  aPProPriate  forces  of  older 

“  “  *»  today. 

.he  carrier  sprem  and  me  S  *“  “S"red  in  ,6e  « 

consm^HufJJXiu1:  “  r""'"8  s“  Md  .he 

would  be  the  concomitant  need  6.1ZZf*  “  iWp  ibe 

on  b„.nL  r^triEST^-*^  ‘"‘""’""t’ 

overhaul  with  two  on  each  CMst  cenifiedSS  C’mOT  f°r  "p,ir  aM 
one  shioyard,  in  Newport  News  Virginia  *  ®uclear  earners.  There  is  only 

ships.  Tie  main  S.  dXte  CidT  *  ^  **  “  »•  s«ch 
painting  the  wetted  surface  rpmn  -  eonstruction  facilities,  is  for 

The  NlMlTZ^lass  rurrtem  S-v  ?  ""  "““S'  "[»» 

Ships  in  ,h.i,  current  tTS.  “I 
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very  small,  there  are  upper  deck  • 

be  removed  to  enter  some,  and  draft  alsomulu  dlJdocks>  sP°ns°n$  must 
to  enter  some  drydocks.  If  the  carrier  **  reduced  from  37  to  33  ft 

drastically  (as  for  a  semisubmersible  o  °for  2  $hape  is  ChanSed 

dnve  far  outboard  and  deeper  than  the  main' 

cannot  TT  “  "  "CW 

cofferdams  around  the  parts  of  the  shi^S*  ’  T  °*  bu,ldinS  watertight 
It  may  be  possible  to  develop  htp  cL„in  "a^  ^  .ta  ^  COnditio"s- 
matenals  that  can  be  used  under  2  rnZ  8  paint!n2  machines  and 
building  a  «,  .mow  ,o 

radically.  carner  Sl“  grows  or  its  design  changes 

Two  would  be  nS^TScr<^na7?,Uot!|bUilding  new’  lar«er  drydocks. 
billion.  One  graving  dock  wouX’  T ,mated  0051  of  •*«  «/ 

designed  for  the  new  aircraft  start;.,  ,Ceded  ‘°  bu,ld  the  first  larger  carrier 
would  be  needed  in  time  to  start  thf  nm^hi,  2°!°'k  Additional  facilities 
wnhm  3  yean  of  the  first  one,  and  for  StS  P  new  c,ass-  P»>»P* 
years  after  its  commissioning.  TTiii  tL  oufiivT  '  °f  the  ,ead  shiP  7 
limned  to  under  $100  million  per  year  fac,Ii,ies  «>bW  be 

new,carrihers.  but  it  may  have  toris^  afterthat  °f  the  first  0f  ,he 

vulnerability and^rt^ure  to^ow  is to'chanee th^  pr°b,ems  of  increased 


ships.  This  ctaj 3 

design  and  operations  and  in  -hio  selM^^u031  flenblIi,ies  in  aircraft 
from  monohull  designs.  Much'll  aa^  def^J  -  T'Hf  "0t  *  avai,ab,e 
to  savings  in  the  battle  group  that  iJEt55f!h  ?*  **  re<luired-  leading 
Jhe  foreseeable  gains  would  Corne  a t  th^e^  he,  h,Sher  cost  of  the  ship8 

^ haM,i"s  - 
configuration  mote  .ado. J * , Z£ZT, L  a  panta‘l"  *«P 
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“vings.  Other  cost  increase ' ^TsSyT  n  f°r  far-‘e™ 

Shlps  can  ,cn,am  -nrtaNc  a„o  .he 
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LARGE  SEA-BASED  PLATFORMS— A  SPECIAL  CASE 


In  asking  the  Secretary  of  the  Navy  to  have  this  study  performed, 
O^ngi-ess  also  expressed  interest  in  an  exploration  of  the  possibilities  for 
building  floating  platforms  from  which  all  manner  of  aircraft,  rather  than 
those  configured  for  current  types  of  aircraft  carriers,  could  operate. 

A  number  of  possibilities  have  been  examined  in  the  past/  and  they  can 
furnish  data  and  a  conceptual  basis  for  the  current  application.  T\vo  basic 
concepts  have  been  considered.  One  amounts  to  a  floating  island  that  would 

^vt;ieqra,en* 0f  a  tactical  airbase  of£shore  fron>  ‘he  area  where  it  is 
established.  The  other  would  amount  to  a  very  large  aircraft  carrier,  beyond 

any  of  those  considered  thus  far  in  this  study.  The  first  would  be  an 
essentially  fixed  base,  relocatable  with  considerable  effort,  while  the  second 
would  provide  a  more  mobile  base,  without  the  agility  of  a  carrier.  The  two 
concepts  are  reviewed  briefly.  3  0 


FLOATING  ISLAND 

To  meet  mission  requirements  significantly  beyond  those  of  a  current 
aircraft  carrier,  the  floating  island  would  have  to  be  big  enough  to  al'ow 

Uk«  ff  !?!  laDding  °f  3,1  Mnds  of  aircraft>  from ' fighters Z 

Srfo0r|,Calawlted  takeof£s  and  arrested  landings  to  tactical  transport 
beJ*2'ided ** damaged-runway requirements 
for  land-based  tactical  aircraft.  Typically,  2000-ft-minimum  field  lengths  are 
specified  for  assisted  or  lightweight  takeoff  and  lightly  stressed  arrested 
landing  for  land-based  tactical  fighter  aircraft.  C-130  tactical  transport 
aircraft  can  operate  from  similar  field  lengths.  Larger  aircraft  like  the  C-17, 

**  BcChtd  °**  '***  Tactical  AkBase,"  by 

Uoimiiy  o t  U  with  NstioMl  Sdaxe  FourvUike  funding  Honolulu,  AfdUwJ0”'1  ^ 


Preceding  page  blank 
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the  order  of  3000*  to^CN Ofth*  ^aaddr  a'rCr3ft’ WOuId  need  runway  on 
taxiways  and  on  which  to  buifd  housinTand^ir  *  SUrfa“  “  needed  ‘or 
Available  technology  for  floatinc  „ Lf  d  ir"aft  suPPort  facilities, 
construction  in  modulefbased  on  venfcallv  Sf.  ■ °7  felative,y  '"expensive 
or  concrete  columns  tied  together  bv  a^latth"8’ hol,ows,ee|-  aluminum, 
together  to  make  a  rigid  surface  from  It,-  pafonn  on  t0P>  and  joined  all 
Whi*  much  of  the  ^r^mnrft  COU'dlandani,akeoff 

significant  part  of  it  would  have  to  corner  and  ,axiway,  some 

aircraft,  for  crew  quarter  andwork L?sna!"  faCi"‘,ies  to  bouse  a"d  Service 
and  all  appropriate  shop,  powet  plant  an^/T"1315*1  StaffS  and  aircrews. 
facilities,  as  well  as  platfonTself-defenle  ^  3  ammuni,ion  storage 

incli^S,hanga^t^i^ici,nC^^r*jj11^  a^,ds  that  would 

S4  billion  for  an  airfield  with  rti  ^  su^est  an  estimated  cost  of 

>mouih  ,ec“XT,  m,“r  “T*  900  ,1 

extrapolation  from  known  technoS  a  modest 

assembly  at  sea  have  not  yet  been  dcmn™,^  itn^U  6  construction  and 

base  and  other  specif£y niliZ™'™'  ^fending  the 

capability  would  have  to  be  added  °f  the  floa5inS  airbase's 

the  coarse  estimate  that  the  baseS,.-^  !  '0"  °f  SUCh  facton  leads  to 

for  a  military  mission.  S  35  much  35  ^  billion,  completed 

between  0.5  mittoTand  nSon^oL  0i? pIatforms  can  weigh 

of  modular  construction  such  as  tha?diSLS  eSt"nates  for  a  PIatfo™ 
could  come  to  5  million  tonT  T^^^,,above  su^est  lI>a‘  its  weight 
platforms  together  so  that  they  coSd  wlhsl'aJd^  Pr°b,emS  in  ^  ^ 
currents;  keeping  them  level  and  rigid  Tt ha 1™*“’  ^  and  «*"« 
off,  achieving  anchoring  or  dynanfic  station  J  ft  COU,d  land  and  take 
current  and  wind  drag;  and  enablinTL^lf  keepinS  gainst  very  large 
for  major  position  shift  While  most  oPtt^'t  df:eIeratl0n» and  control 

would  probably  present  a  problem  o/a  ^,fT  d  a"d  °Cean  ^"t  loads 
suggests  movement  at  3  to  /knots  with  enough™  °rdCr‘  °ne  estimate 
problems  o<  abcborm*  and  Bmi„g  ^  bm,b« 
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disasserabIy’ il  rouId  not  p« 

slow  speed  suggest*  Trom’th^S,  £  8  h  m°rC  time  than  even  ,he 

Uta. inuo"  "“""S  ,h‘ 

»™her  place,  a,  sonti  !tnta™  "”g  “  “d  '">““'""8  *  '» 


SEMISUBMERSIBLE  SHIP 

the  order  of  2m  AloZ  Wihl* n.,Submersjb,e  shiP.  M*  a  SWATH,  on 
deck  and  arresting  gea/havinea  S,UmP  *  thC  !eadinS  of  the  flight 

rn»«a,e  an^SaS  ^Tt^&T  “  *  *»  " 

bomb  holes,  and  C-130-type  transnori  air l  ^ *  fr  runway  with 
could  be  appropriatelv  (burning  any  superstructure 

carrier-capable  aircraft  to  a State  ,"“rt?™l0“  of  catapults  would  allow 
the  need  for  winS  ZXZ  SS’JZTZ?*  *”■  wei«hl 
weiSb.  growth  of  the  diS^fw  S™"  f“  al'm« 

of  such  a  ship  would  be  in  mnh  r  •  w  An  additional  advantage 

horsepower,  S.’S?  10  ™'“»  f-A 

carrier.  This  J?«T£  L  ,lt  T  “  much  35  a  *«MIT&ciass 
semisubmersible  with  an  1100-ft  flipht  a  ^Uma,!f  ^glven  earIier)  that  a 
times  as  much  ""*?  WSt  about  three  10 

grow  to  twice  the  size  of  the  latter  as?u^Pt,on  *hat  although  it  would 
-2000.ft.long  ship  San«  "  S  ”'f  ’*W»  *  «• 

dimension  rather  than  as  the  niL  c*  ^!u  ^  *^e  sTuare  the  linear 
(thus,  a  factor  of  four  in  doubling  the?  thefship  ^u,(i  he  mainly  hollow 
was,  earlier,  estimated  to  cost  three  to  *  ?m,Submersible  shiP  that 

ship;  this  leads  to  a  cost  fo  themS  l  0051  of  a  N^ITZ-class 

the  cost  of  a  NIMnSLw sMn)  *' m“ubmei5ib,e  of  12  to  16  tiroes 

roughly  $40  billion  to  $55  billion  The  difference^t!!^  C°!!-0f  this  ship  at 

COMMENTARY 

berer^ra^XS^r^ 
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shore  tactical  aircraft  range  could  become  a  problem.  If  thev  were 

Ss-ssw* 

riS  ™o?L^r?  0U,K0n  thC  basis  0f  cost  CThis  could  change  if 
,  1  r£e  senmubmer$ible  carrier  considered  as  a  NIMIT7-cIass 

Z  Z«!USS£S^enSineerinS  feasibility  and  potential  costs  mudf lower 
f  £ Jf f  CStima,ed  here  >  ^  !arSe  boating  ba«  would  be  akin  to  havin, 

it  ryZffr"  Wa^S  taC‘iCal  3irbaSe’  m0ved  0ffsh0re 

not  wanted  or  cannot  be  accommodated  onshore.  The  carrier  is 
esigned  to  any  out  missions  requiring  mobility  and  the  ability  to  appear 

TonToZ  SU,ar  ge°^phiC  «“  ■"»«■«  »  shift  to  S2HI 
snort  notice.  The  two  concepts  are  not  alternatives  for  each  other  and  each 

needs  evaluation  in  its  own  frame  of  reference. 

°f ‘ie,'n°ating/land'  concePt  *«&  ’zero’th  order* 
niatfnr^c  fiRt  ha  e  t0  consider  the  missions  that  would  justify  such 
p  forms  as  compared  with  more  conventional  aircraft  carrier  concents 

aiiSLhK11  d  'fC2  h3Ve  10  re'fc*  P,at(orm  technology;  construction  and 

st^r^ 

a  base  to  STiSSl*”"  Wamn,ed  tf>  such 


CARRIER-SYSTEM  RESEARCH  AND  DEVELOPMENT 


.h  T^u  ™ny„areas  of  onSoil'g  technology  development  listed  in  Tables  6  1 

S  ZIJiT,  f  P0,em”1  for  ""  -P"’"*** for  a„  taljfc, 
LhnofZ8  ?  f  *  CamerS  and  Parts  of  ,he  ^nier  system.  Some  of  the 
technology  advances  are  either  close  to  fruition  or  ready  for  current 

2l°ZT  ,  R&°  f°r  °,herS  h  in  train  and  ^  the  normalcoura^of 
program  development  will  lead  to  the  technologies  listed.  Many  of  the  latter 
deal  with  aircraft,  weapon,  and  REABM  system  technolog? Yatt  £ 
pursued  independently  of  ship  development  ^ 

,or  “Sss 

aircratt  earners.  Some  of  the  latter,  such  as  ship  power  conditioning  nr 
directed-energy  weapons  and  hypervelocity  kinetic-enSgy  weapons  ship  felf 

«™pS1re,M' "oi  ^  Scis^'K 

sueb^'^r  f  rC  R&°  pr0grams  for  weaPons,  aircraft,  and  smaller  ships 
2?  “  t  «  f0rce  ?mbatants’  ‘here  is  no  R&D  program  e2 
deigned  to  advance  the  carrier  or  the  integration  of  all  the  continent 
systems  into  the  carrier  system  as  a  whole.  Many  of  the  advances  innihf»r 

2?  hav* the  effect  of  1 the  carrier  IZSSSZSfSZ 
adaptations  become  necessary  during  carrier  design  and  coni  mafon’  A 
program  of  R&D  explicitly  designed  to  advance  thVcarrie“SThe  oJerai 
earner  system  would  include  many  of  the  ongoing  R&D  programs  but  it 
would  give  them  more  or  different  emphasis  In  additio^  sfme^&D  i! 
unlikely  to  be  pursued  unless  explicitly  undertaken  for  the  rarrier  system 

as? aM 

w—  S'  o?“SL,‘ SES?  FJZEFJEZ  0a; 

before  ■fevelopme„rS°L'’r^S"U'  sS 
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SSgii0  'nhanC"’S  ,l,e  «"0»8  «*f.  developer,  ,„d 

be  .SSTS  ad JaS'.he  arte r'TjSem  “a  ,3cvetoP”'n'  »*oafd 

judgments  as  to  ledrto.v8"' ,KU,B  >*  «pec,ed  a,  arc 
technologies.  *Lnhe  1, “LST^'!’  'fcvtl0<,"“'  °f 
expected  to  have  high  payoff  fo,  earner  capTbfc  “=>»'d  be 

uh^oXte  a  aSfSoS  -  *  'h=  long.,  I, 

nsk  involved  in  implementing  the  caMbililwifS  the.hlgher  the  technical 
risk  is  linked  to  the  state  of  tf  e  an^d  of  n 71,15  15  because 
risk  activities  are  those  based  on  technolopv  thaM,*"  ll?  technoIo2y-  Low- 
the  field  at  some  point,  requiring  only  the  thL  a  ,mPIemente<l  in 

and  integration  in  some  currenfeontext  Me/T  "d  res5>urces  for  application 
which  the  basic  phenomena  are  reasJL  T'™*  efforts  are  those  for 
have  been  the  subjects  of  successful  labS™  e  "demC<*’  a"d  Which  may 
have  yet  to  be  applied  to  but  which 

those  for  which  the  concepts  andSrlv  thJn  aZ  Hlgh'nsk  endeavors  are 
but  for  which  much  of  the  pheStnenotl  exPenmentat''on  may  exist, 
implemented  in  hardware  or  st™  ^  *°  *  described  and 

to  bring  them  to  successful  applSion  is  thSo'^i"?  mvolved  in  ‘tying 
or  unexpected  hurdles  can  Pprove  hiehlv  ^ beC3USe  unknown 

insurmountable  difficulties.  It  follows^hat  °J  CWen  prCSenl 

expense,  within  the  characteristic  cost  level  of  e  ^  gh  mk  entails  greater 
consideration,  if  only  because  it  Sees  longer  and  SyStems  under 

will  become  apparen  SSiS  nn^hi  2  v-?- aCh,eve  success-  Also,  as 

'°  ^  W  »  *»L.,  regaX  S  L^dS 

1-  Aircraft  Systems 

#  ^ensio^Sgoris^wMcSco™1  (3°  ‘°  50  P«« 

and  thrust  controls'for  low  staE 
.  S?  ^  rCCOVeiy  (nCar  t0  "lid  teSw  risS)  lhty  “ 

0bSe7bi,ity(L0)  designs 
medium  risk)  e™ionmem  (near  to  mid  tem; 
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•  High-performance  rotorcraft  concepts  for  ASW,  tanker,  COD, 
and  rescue  (near  to  mid  term);  with  modular  equipment  to 
convert  a  standard  platform  to  the  various  missions 
economically  (long  term;  low  to  medium  risk,  depending  on  the 
implementation). 

•  Improved  night/bad-weather  landing  systems  and  other 
operational  enhancements  for  sustaining  operating  rates  around 
the  clock. 

•  STOVL  supercruise  fighter/attack  aircraft  technology  and 
prototype  development  (mid  term;  medium  risk). 

•  Lightweight  counterstealth  aircraft  radar  systems  for 
carrier-based  AEW  aircraft  (mid  term;  high  risk). 

•  Unmanned  aircraft  surveillance  systems,  especially  HALE,  with 
spacecraft  reliability,  vety  long  endurance  (days  or  weeks  with 
midair  refueling),  air-to-air  refuelable  from  the  carrier  (designed 
for  over-the-horizon  surveillance,  AEW,  C3I  link,  EW,  and 
related  missions  or  parts  of  rjssions — mid  to  long  term;  medium 
risk). 

2.  Passive  Carrier  Survivability  (Supports  current  and  near-  to 
mid-term  ships,  depending  on  extent  of  change  required  in  ship  design.) 

•  All  areas  of  ship,  aircraft,  and  weapon  system  signature 
management  in  the  radar,  acoustic,  and  IR  media. 
(Electromagnetic  emission  signature  management  will 
accompany  weapon  system  changes;  some  wake  reduction  will 
accompany  ship  design  changes  listed;  low  to  medium  risk.) 

•  Damage  isolation  and  control  throughout  the  ship,  including 
improved  ability  to  deal  rapidly  with  fires  on  the  flight  deck 
(low  risk). 

•  Instrumenting  the  ship,  and  advanced  internal  communication 
systems,  to  support  damage  control  measures;  also  contributes 
to  more  efficient  condition-based  ship  maintenance  (medium 
risk). 

•  Passive  torpedo  protection,  including  especially  protection 
against  underkeel  torpedoes  (low  to  high  risk,  depending  on 
implementation). 

•  Advanced  armor  for  selective  protection  of  critical  ship  areas 
(medium  risk). 
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3.  Active  Carrier  Self-Defense 

•  Near-term  missiie  and  CIWS  gun  sptem  improvements 

-SBSWS55*- 

mamtcd  ,a<?r  to 

-5SSK 

101?  to  600-11)^™  missll“  in  «" 

(medium  risk)-  Ugh  for  modest  ATBM 

~  SSr^LSS'ioSLtl.r"'  *—* 

threat  (medium  risk)-  ami  fi’ d  u,tercePtlI«g  the 

"  sssssr ,or  ,he  anier  and  *• 

•  Unconventional  weapons: 

~  ?™TCsa“k)!,rr'cK:i')'  «p« 

'  vioiendy 

1-  Propulsion  and  Other  Eleettieal  System  (mid  to  long  tern) 

•  jMmtmed,  safe,  high-poum,^,-,,  factors  (long  tem ;  high 

•  Te*?on  (mid  te™;  medium  risk). 

systems,  applicable'  £* ^l2^nd  conditioning 


aaiaiateiO' ■ 
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including  directed-energy  and  hypervelocity  kinetic-energy 
weapons  (medium  risk),  67 

•  Electric  drive,  including  motors,  transmission  systems,  and 
retractable  pod  and  counterrotating  propeller  designs  (medium 

•  All-electric  -yellow  gear'  (aircraft  and  munitions-handling 
equipment),  to  ease  operations  on  hangar  decks  enclosed  to 
reduce  ship  radar  signature,  and  to  reduce  fuel  and  maintenance 
requirements  and  IR  signature:  fuel  cells  or  high-power-density 
batteries  are  the  pacing  items  (medium  risk). 

n-±Iaf°'?,eCtr°niC  3nd  Acous,ic  Bat»e  Management  (REABM) 
if  the  rmTr!n<1  SyStCmS  “  *hlS  area  are  bcin8  develoPed  continually  as  part 
°f„  f,  Smer  SyStem:  some  advanced  elements  are  available  now  and 
others  will  become  available  during  near-,  mid-,  and  long-term  Ss 

“r™Lr  s£tem  des,gn  must  a,,ow  for  modular  upgrades  as  advancal  new 
systems  become  available;  some  of  the  most  important  areas  for  carrier 
avia  ion  strike  warfare  and  for  carrier  defense  are  listed  here.) 

•  integTati0n  of  the  active  carrier  self-defense  system 

with  battle  group  defense  including  AAW  and  ASW,  through  a 
modular,  modern,  radio-electronic  and  acoustic  battle 
management  system  including  identification  friend,  foe  or 
neutral  (IFFN)  and  all  urge,  acquisition  and  w^ons 
management  (low  to  medium  risk).  ^ 

•  Enhanced,  multimedia,  networked  communication  systems 
including  LPD/LPI  features  to  the  extent  feasible  and  necessary' 
to  support  REABM  system  integration  within  a  battle  group 
and  connectivity  with  the  external  world  and  command  structure 
(medium  nsk). 

•  Low  observable  sensors  and  sensor  systems,  and  also  those 

SenV°  “unt®r’L0  (including  the  aircraft-related  radars 
noted  under  (1),  above  (medium  to  high  risk) 

•  Advanced  targeting  systems  for  strike  warfare,  compatible  with 
airaaft  advances  noted  under  1,  above,  including  'forward  pass' 
techniques  and  subsystems  for  both  strike  and  defense  with 

gSSTSf  “  Unk  apaCity  and  muItimode  battle  integrity 

•  p?Sy,fIbr0ad,y  dCfined’  advanced  EW  systems  (including 
ECM,  electronic  counter-countermeasures  [ECCM],  jammers! 
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i^SSSSS-? 

into  carrier  design  (low  risk).  ^  °‘  lnteSral,on 

all  L  '***“  M  ManP°Wer  ***«*  <«' »  mid  um; 

‘  5fS5sssmS= 

SSsK=E5=|kS 

.  ffi-  ana  'SSSXSET,*.*  •  ■» 

S^To8pS,e“S,h°e, ' ITf  a“d  "n<Jerway  'nplnnlshmen, 
replenish^!  8  “  3  *“”■ 10  “"in™  more  rapid 

‘  St'P  Jb*«"  “  “P!“rt«S  any  volume  saved  6y 

sustainability.  *PP  Y  l°  passive  Prot<*tion  and  increased 

gains  in  u^rstandi^am'eT^te^that'T  are.  a™lable  to  make  special 
invaluable  data  for  mid-  to  lorn?  term  capitalraed  on,  can  contribute 
interesting  are  the  foiling:  8  *  ^  *""*  **  most 

concents  desmVn  •  i, t0  ^^P^111611*  with  several  of  the 

.  SHT~-»^,oes,ics"pA 

■^fissraa 
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changed  operational  concepts  in  the  long  term  (low  risk  for 
research;  high  risk  for  ship). 

*  J^rSe*scale  structural  model  experiments  (possibly  including  a 
highly  instrumented  live  fire  test  of  a  carrier  destined  to  be  sold 
for  scrap),  to  help  quantify  better  than  is  now  possible  the 
effects  of  underkeel  torpedo  explosions,  to  aid  design  studies  of 
passive  protection  of  carriers  and  other  large  ships  (medium 


